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Acontece GBio

0 GBio participa do Workshop sobre "Politica Nacional de
Residuos Solidos promovido pela FIESP e o O

25/ago/2015

mais
O Grupo de Pesquisa em Bioenergia (GBio), criado em 2015, € formado pelo grupo de pesquisadores que anteriormente compunham o

CENBIO, o Centro Nacional de Referéncia em Biomassa.

Atlas de Biomassa

_— 0 Centro Nacional de Referéncia em Biomassa foi criado em 1996, através de convénio entre o Ministério de Ciéncia e Tecnologia, o

Atlas de Biomassa Instituto de Energia e Ambiente da USP, a Secretaria de Energia do Estado de Sao Paulo e a organizagao nao governamental Biomass
Users Network. Mais tarde, quando o convénio entre as instituicoes expirou, o CENBIO passou a ser um grupo de pesquisa em

bioenergia localizado na Universidade de Sao Paulo, no Instituto de Energia e Ambiente, cuja equipe atualmente compde o GBIO, apos

GBio participa

THE

CAREERS
SERVICE
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GBIO Research Lines

Bioenergy
Planning

Environmental
impacts — Life
cycle assessment

Small scale
biomass-based
energy conversion

® Biomass assessment — Biomass Atlas
* Biogas & biomethane
* Bioenergy policies — Biogas & biomethane - Project 27 — RCGI/Fapesp/Shell

e Biodiesel (from soy, animal fat, residual oils)

e Ethanol production - Energy conversion from biomass

* Municipal Solid Waste (MSW) — WtE

* BECCS (Bioenergy and Carbon Capture, Storage and Use)

* Energy access in remote villages (Amazonia)
e Waste to Energy technologies for small municipalities
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https://g1.globo.com/mundo/noticia/furacao-irma-chega-ao-caribe-fotos.ghtml
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“IRMA HURRICANE - FLORIDA

do furacdo Irma, em Vilano Beach, na Hérida (Foto: St Johns County Fire Rescue via R

o &

-

https://g1.globo.com/mundo/noticia/furacao-irma-chega-ao-caribe-fotos.ghtml
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Pantanal, California, Sibéria,
Australia ...

Fogo atinge vegetacao préxima a Rodovia Transpantaneira, no Pantanal de Matc

NATUREZA

Nao é s6 o Pantanal: incéndios
florestais pelo mundo sao os
maiores 'em escala e em emissoes
de CO2'em 18 anos

Fogo arde na costa oeste dos Estados Unidos, em Nova Gales do Sul, na Australia, no Artico
Siberiano e no Pantanal brasileiro, mas chamas tém naturezas diferentes.

E Por BBC ‘ 7 0y © @ @
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BIOENERGY CONTRIBUTING TO ACHIEVE THE SUSTAINABLE
DEVELOPMENT GOALS

NO GOOD HEALTH (]UALITY GENDER CLEAN WATER

POVERTY AND WELL-BEING EDUCATION EQUALITY AND SANITATION

DECENT WORK AND INDUSTRY, INNOVATION 10 REDUCED
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES

i

1 CLIMATE 1 LIFE 1 LIFE

16 PEACE, JUSTICE PARTNERSHIPS

ACTION BELOW WATER ON LAND ;‘rg% ISTLRTﬂmNgs FOR THE GOALS 23
SUSTAINABLE
DEVELOPMENT

Y, @

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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OBJETIVOS DA PEN-5014

Capacitar o profissional para a analise técnica,
econOmica, social, ambiental e politico-
institucional da biomassa como fonte de
energia, nos diferentes setores que utilizam
este energético, no pais e no mundo,
considerando a importancia cada vez maior
desta energia renovavel na matriz energética
mundial e para os paises em desenvolvimento.
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PEN 5014 - Conteudo

* Biomassa como fonte de energia
* Etanol e Biodiesel
* Cogeracao de eletricidade a partir de biomassa
* Setor sucroalcooleiro
» Setor de papel e celulose
* Setor de madeira
e Residuos urbanos
* Biogas de aterros
* Incineracao
* Gaseificacao
e Residuos rurais - Biodigestao
* Residuos de madeira - pellets
e Tecnologias de segunda geracao para biocombustiveis
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PLANEJAMENTO PPGE- 2020

Data
25/set
02/out

09/out

16/out
23/out
30/out
06/nov
13/nov
27/nov
04/dez
11/dez

18/dez

Contetlido
Apresentacao
Etanol

Biodiesel

Madeira

Biogas

Ex Biogas/palestra PD
Cogeracao

Exercicios cogeragao

RSU

Palestras

Apresentacao de trabalho

Apresentacdo de trabalho

AULAS VIRTUAIS

9-13 hs
Responsavel
SUANI
SUANI

SUANI

Escobar/
Monica

VANESSA
VANESSA
SUANI
SUANI

SUANI

Marilin/Djalma/Escobar/Danilo

SUANI

SUANI

CRITERIO DE AVALIACAO
- Exercicios em casa — 20%
- Apresentacao do Trabalho Final — 40%
- Trabalho Final — 40%
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Figure &. Bioenergy Conversion Pathways

Feedstock'

@ 1) o

Direct ino conversion)
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Energy Usage

Source:
See Endn

) Oils
oil crops (rape,
sunflower, sova, ete)

waste oils, animal fats

Conversion Routes®

Upgrading®

Transesterification
or Hydrogenation

Sugar and
Starch Crops

iy

Lignocellulosic
Biomass

fwond, straw, energy
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Jl.--- Other Biclogical /
- Chemical Routes

Bio-Photochemical
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for this se

Energy Carrier

-

Mote: Solid lines represaent commercial pathwsays, and dotted lines repressnt devaloping hicenergy routes.

LRarts of each feedstock, 2.2, cropresidues, could also be used inother routes, 2 Each route also gives co-products. 2 Biomass upgrading includes any one of the
densification processes (pelletisation, pyrolysis, torrefaction, ete ). ¢ Anasrobic digestion processes release methane and COz, and remaoval of COz provides essentially
mathane, the majer componant of natural gas; the upgraded a5 is called biomethane, & Could ba other thermal processing routes such as hydratheral, liquefaction,

gt DME =dimethy| ether.

Solid

+ Wood pellets
andchips

5 0
Heat

Liquid Fuels

+ Biodiezel

+ Ethanol, butanolz,
hydrocarbons

+ Syndiessl, ’
renewable diezel

+ Methanal, alcohals

+ Other fuelz and
fuel additives
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+ OME, hydrogen
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https://www.elsevier.com/books/municipal-

solid-waste-energy-conversion-in-
developing-countries/coelho/978-0-12-
813419-1
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Série ROGI/USP/SYN ERGIA - Gases Combustivels e Sustentabi idade

TECNOLOGIAS DE PRODUCAO E
USO DE BIOGAS E BIOMETANO

Suan| Tebelm (oelho (Coardenagsal

Vanessa Pera Gacilasso « Antinio Djaima Nunes Fermz Junior
Marilin Madano dos Samtas « Galo Luca Joppent

http://gbio.webhostusp.sti.usp.br/?q=pt-

br/noticia/e-book-tecnologias-de-

produ%C3%A7%C3%A30-e-uso-de-

biog%C3%Als-e-biometano



https://www.elsevier.com/books/municipal-solid-waste-energy-conversion-in-developing-countries/coelho/978-0-12-813419-1
http://gbio.webhostusp.sti.usp.br/?q=pt-br/noticia/e-book-tecnologias-de-produ%C3%A7%C3%A3o-e-uso-de-biog%C3%A1s-e-biometano

Muhammad Tahir Khan
Imtiaz Ahmed Khan E£ditors

Sugarcane

Biofuels

Status, Potential, and Prospects of the
Sweet Crop to Fuel the World

) Springer
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Publicacdes em periddicos e livros —2019/20

* Silva-Martinez, R., Sanches-Pereira, A., Ortiz, W., Galindo, M., Coelho, S. (2020). The state-of-the-art of organic waste to energy in Latin
America and the Caribbean: Challenges and opportunities. Renewable Energy 156, 509-525. DOI: 10.1016/j.renene.2020.04.056.

e Pischke, E.C., Solomon, B., Wellstead, A., Acevedo, A., Eastmond, A., De Oliveira, F., Coelho, S., Lucon, O. (2019). From Kyoto to Paris:
Measuring renewable energy policy regimes in Argentina, Brazil, Canada, Mexico and the United States. Energy Research & Social Science
50, 82-91. DOI: 10.1016/j.erss.2018.11.010.

e DeOliveira, F., Lopes, T., Parente, V., Bermann, C., Coelho, S. (2019). The Brazilian social fuel stamp program: Few strikes, many bloopers
and stumbles. Renewable and Sustainable Energy Reviews 102, 121-128. DOI: 10.1016/j.rser.2018.12.011.

e Huang, J., Khan, M., Perecin, D., Coelho, S., Zhang, M. (2020). Sugarcane for bioethanol production: Potential of bagasse in Chinese
perspective. Renewable and Sustainable Energy Reviews 133, 110296. DOI: 10.1016/j.rser.2020.110296.

¢ Coelho, S. et al. (2020). Municipal Solid Waste Energy Conversion in Developing Countries: Technologies, Best Practices, Challenges and
Policy. Elsevier. DOI: 10.1016/C2015-0-04596-8.

¢ Goldemberg, J., Coelho, S. (2019). Sustainability and Environmental Impacts of Sugarcane Biofuels. In Khan, M.T., Khan, I.A. (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.

¢ Coelho, S., Perecin, D., Rei, F., Escobar, J., Freiria, R., Kimura, W. Bioenergy Policies Worldwide. In Trevor M. Letcher (main ed.)
Comprehensive Renewable Energy 2nd edition, Volume 5: Biomass and biofuel production. Elsevier [aguardando publicagdo].

* Coelho, S., Diaz-Chavez, R., Cortez, C., Perecin, D., Possetti, G., Rietow, J., Silva, C. Circular Economy in Brazil. In Ghosh, S., Ghosh, S. Circular
Economy: Recent trends in global perspective. Springer Nature [aguardando publicagdo].

e Coelho, S., Infiesta, L., Garcilasso, V. Waste-to-Energy Technologies: Gasification and Pyrolysis. In Advances in Clean Energy: Production and
Application. Elsevier [aguardando publicagao].


https://doi.org/10.1016/j.renene.2020.04.056
https://doi.org/10.1016/j.erss.2018.11.010
https://doi.org/10.1016/j.rser.2018.12.011
https://doi.org/10.1016/j.rser.2020.110296
https://doi.org/10.1016/C2015-0-04596-8
https://doi.org/10.1007/978-3-030-18597-8_18
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* De Oliveira, F, Coelho, S. Biodiesel in Brazil Should Take Off
with the Newly Introduced Domestic Biofuels Policy:
RenovaBio. In: Biofuels - Challenges and opportunities. DOI:
10.5772/intechopen.79670.
https://www.intechopen.com/online-first/biodiesel-in-
brazil-should-take-off-with-the-newly-introduced-domestic-
biofuels-policy-renovabio.
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e World energy supply

1973 and 2015 fuel shares of TPES

1973 2015
Biofuels and waste
| 1FE] }ﬂ'g, e Other’ Biuﬁ.tel;. and waste
Hydio 1%
Nuclear 1-8%
0.9% Nuclear
4.9%
6 101 Mtoe 13 647 Mtoe
TPES: Total
3. Includes geothermal, solar, wind, tide/wave/ocean, heaf and other. Primary Energy
Source: IEA Key World Energy Statistics 2017. Supply

https://www.iea.org/publications/freepublications/publication/KeyWorld2017.pdf



n GRUPO DE PESQUISA EM
IEE BIOENERGIA
Universidade de Sao Paulo | Insftuto de Energia e Ambienie

7 REN21

RENEWABLES 2019

FIGURE 1. Estimated Renewable Share of Total Final Enengy Consumption, 2017

79.7%

Foszsil fuels

m Muclear enargy

Traditional

el Wind/zolar/biomass/

geothermal fecean power

J Biofuels fi
o

Modern renewables

106% 3.6%

Hydropower

4-2%
Biomass/solarf
jgeothermal heat

Nate: Data should not be compared with previous years because af revisions due bo Source: Based on OECD/IEA and IEA SHC.
rpraved or adusted data or methodology. Totals may not add up dwe 1o rounding. Ses endnote 54 for this chapter,

www.ren2l.net
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FIGURE 2. Growth in Global Renewable Energy Compared to Total Final Energy Consumption, 2005-2015

Share of TFEC TFEC {Exajpules) A 10-year
a rates
20% 400
+1 7% Toﬂﬁml
15% 300
Traditonal
biomass
share of
TFEC 0% 200
Modem
renewables
shareof 5% 100
TFEC
0% 0

2005 2006 2007 2008 2009 2010 20m 2012 2013 2014 2015

Note: Combined renewables = bath modern renewables and traditional biomass.

Source: See endnate 23 for this chapter.
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FIGURE 8. Estimated Renewable Energy Share of (obal Electricity Production, End-2018

Mon-renewable E

electricity
Renewable
electricity

5.5% wind power

15.8%

Hydropower

2.4% solarpv
2. 2?‘3 Bio-power

Geothermnal, C5P
0.4% and ocean power

Mote: Data should not be comparsd with présaus versions of this Sounce: Ses andnabe 192 for this chapber
figure due ta revissons in data and methodal ogy.

Source: REN 21 Global Status Report
(2019)
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FIGURE 9. Renewable Power Capacities in World, EU-28 and Top 6 Countries, 2018

B Geothemnal, TSP

1400
1.246 and ocean power
o Gigawatts .
1,200 —. B, M Bio-power
1,000 — ! o _i B Wind power
| 180 —
i
BOD —— I’ 140 — |
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. | o= O~
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400 — 339! a0 — G4 f.-::'-.ﬂ"
B W o« . -
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20 -_
o S
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Sounce: See andnote 195 for this chapter.

Nete: Net induding hydrapower.

Source: REN 21 Global Status Report
(2019)
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FIGURE 6. Annual Additions of Renewable Power Capacity, by Technolegy and Total, 2012-2018

Additions by technology [Gigawatts) Added in 2018 Total additions (Gigawatts)
120 181 Gigawatts — 200
Solar PV Bl Wind power

oo — T Hydropower B Bio-power, geothermal,
ocean power, CSP

= Total renewable
power

150
80
g0
v b
a0 -O__
N
o~
B [ | P | | A || PO

27

Mote- Solar PV capacity data are prossded in diréct cument (DC)L Sounce: Ses androte 183 for this chapter.
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W TABLE 1. Estimated Direct and Indirect Jobs in Renewable Energy, by Country/Region and Technology, 2017-2018

Solar PV

0] Liquid biofuals

B Hydropower*

B Wind power

Solar thermal heating/cooling

£l Solid biomass®©

] Biogas

B Geothermal energy=*

EZ Concentrating solar tharmal power (CSP)

Cvedd | cwenm O S

3,605
2,063
2,054

1,160
am

87
334
a4

2,194
a1
308
510
670
186

2.5

15.6

B3

203
34

3

14

[,

35

Nns*
35

hE
207
58
85

96
208
74
314
g
387

23
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FIGURE 15. National and Sub-Mational Renewable Transport Mandates, 2018

Y *'.'-'-“‘.vk

Mational biofuel blend
mandate, 10% or above
Mational biofuel blend "."

: F
L} .I'_F

mandate, balow 10%

wn Sub-national biofuel
blend mandate only, below 10%

Mo policy or no data
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_’ BIOENERGIA — FONTE RENOVAVEL

NDC BRASIL (NATIONAL DETERMINED

CONTRIBUTION) — ACORDO DE PARIS

NDC Brasil

0 Brasil apresentou & Contribuicho Nacionalments Detarminacia (INDC) com metas ambeiosas para 08 prédmos anos:

0 0/

-37 % -43%

das emissies da carbono® (frs sanassdes de cartonn®
4 http://www.mma.gov.br/clima/convencao-das-

nacoes-unidas/acordo-de-paris
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O QUE E BIOMASSA?

O QUE E BIOENERGIA?
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What is Bioenergy? (IEA Bioenergy)

e Traditional biomass: Burning harvested organic matter — biomass - provided
most of mankind’s energy needs for millenia. Using such fuels is still the primary
energy source for many people in developing and emerging economies, but such
“traditional use” of biomass is often unsustainable, with inefficient combustion
leading to harmful emissions with serious health implications.

e Modern technologies can convert this organic matter to solid, liquid and gaseous
forms that can more efficiently replace fossil fuels.

e A wide range of biomass feedstocks can be used as sources of bioenergy:

e wet organic wastes, such as sewage sludge, animal wastes and organic liquid
effluents, and the organic fraction of municipal solid waste (MSW);

e residues from agro-industries, agriculture and forestry;
e crops grown for energy, including food crops such as corn, wheat, sugar and

e vegetable oils produced from palm, rape-seed and other raw materials; and
non-food crops such as perennial lignocellulosic plants (e.g. grasses such as
miscanthus and trees such as short-rotation willow and eucalyptus) and oil-
bearing plants (such as jatropha and camelina).

Source: IEA, 2017 — Bioenergy Technology Roadmap
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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 opportunities 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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sistema energético
mundial

i. Equidade

ii. Exaustao das reservas (fosseis)

iii. Seguranca de abastecimento

iv.Impactos ambientais (impactos globais/emissoes
de carbono/efeito estufa e impactos locais)
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Seguranca de abastecimento

 Aumento da diversidade de mercados fornecedores de energia, bem como da
seguranc¢a de suprimento, pois nao depende da combustiveis fosseis importados.

Fluxos de petroleo no
mundo. Fonte: UNDP,
UNDESA, WEC, 2002

Boverces B e Havkayy, 1997,
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Reduced ultrafine particle levels in Sdo Paulo’s atmosphere during shifts
from gasoline to ethanol use (Redugdo na concentragcéo de particulados
ultrafinos na atmosfera de SP durante mudanca de gasolina para etanol)
0.8 —0.38
3 07 a 07 M Participacdo do etanol (anidro e hidratado) no
:_ on Las i: consumo de veiculos leves (motor Otto) no Brasil
§ 05 o.sg
< 1 1000 tep
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Ultrafine Residuals
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Fonte: BEN, 2017
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NATURE COMMUNICATIONS | 8:77

| DOI: 101038/ 54146 7-017-00041-5 | www.nature.com/nalurecommunications

Alberto Salvo, Joel Brito, Paulo Artaxo & Franz M. Geiger
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GHG EMISSIONS - WHY BIOENERGY TO REDUCE CARBON EMISSIONS?

Ethanol Energy Balance from Sugarcane

CO2 biogénico (origem da
biomassa)

o 2C,HsOH +11/2 0,2 4 CO; + 5 H,0
CO2 fossil

SOLAR ENERGY

Diesel oil | CO;

ETHANOL

|
BIOELECTRICITY

sugarcane bagasse
TRANSPORT (sug ’ )

e J— .
OTHERS A_f_'-~—*"’ » _['f'

CO2 biogénico
(origem da biomassa)
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Bioeconomy (residues)

Interesting option to diversify local production

Important issue for Developing Countries (DC)

Sustainability x development

Value addded to rural areas

Bioeconomy — sustainable development
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Trends on Bioeconomy in Latin America

 Economy based on the
consumption and production of
goods and services:

e Sustainable transformation of Amacs L oG
biological resources,

* Including biogenic waste generated in
the processes of transformation,
production and consumption.

* Taking advantage of knowledge of
biological processes and principles

IEE

AN O Fodriguer
Andids O, Mondaint
Mauroon A, Hitschiok)

and
* Tec h no I Ogies d p p I ica b I e tO th e https://www.cepal.org/en/news/what-
k NOoOwW I e d ge an d tran Sfo rmation. bioeconomy-and-how-developed-it-latin-

america-and-caribbean



https://www.cepal.org/en/news/what-bioeconomy-and-how-developed-it-latin-america-and-caribbean

Bioeconomia Argentina

Vision desde Agroindustria

https://www.agroindustria.gob.ar/sitio/area
s/bioeconomia/_archivos//000000_Bioeco
nomia%20Argentina.pdf

GRUPO DE PESQUISA EM
4'
= & BIOECONOMY IN ARGENTINA egggmgggg,g

(i) efficient diversification of the energy matrix,

(ii) design of territorial development strategies for the
generation of income and employment, based on
competitiveness and sustainability, and

(iii) promoting investments in production sectors (oriented
according to the NDC and to the priorities for natural
resources conservation and environmental protection
established by the country).

Significant perspectives in Argentina:

- Availability of biomass and great diversity of types of
biomass,

- Well developed scientific and technological system,

- Advances in important applications (biofuels, direct
seeding and its linkages and industry of the food)

- New areas: bioplastics, bio-inputs, etc.

- Bioeconomy: still a novel idea and needs to be promoted in
order to reach its potential.
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BIOECONOMIA PARA COLOMEIA

» Pharmaceutical
» Cosmetic and toilet

> Bioenerqy

O B e » Renewable energies « Non-
fossil fuels.

» Bioethanol/Biofuels/Biogas/
Biorefinery

https://www.dnp.gov.co/Crecimiento-Verde/Documents/ejes-
tematicos/Bioeconomia/informe%201/1-
INFORME%20BIOECONOMIA%20FASE %201%20FINAL%20240
12018.pdf
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[ B/OECONOMY IN PARAGUAY

@
¥

¢ Main challenge: to move from a primary export economy, which represents
13% of our economy to a 20% coming from bioeconomy

e Four fundamental points: conservation, food sovereignty, sustainability and bio
industry development.

e Use of environmental goods in the country's productive matrix

¢ To boost its bioeconomy through:
] a good conservation policy,
investing in research and conservation areas
* to generate an economy at the scale of business emerging markets
¢ to work on opening markets for products.

Source: Justo Vargas, 2018. Personal communication. Email:
justo.vargas@map.gov.py



BIOECONOMY IN URUGUAY & MEXICO

http://www.iica.int/sites/default/files
/publications/files/2015/b3245e.pdf
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Estrategia Intersecretarial
de los Bioenergéticos
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http://www.sagarpa.gob.mx/agricultura/Docum
ents/Estrategiabioenergeticos.pdf



Brazil

Ethanol production 29
billion liters per year

Sales price in pump
stations USD 1.00/L

Total ethanol sales

29 billion USD per year

Brazil GDP 1,800 billion
USD in 2017
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NDC Brasil

0 Brasil apresentou 2 Contribuicio Nacionalments Datarminada (INDC) com metas ambeiosas para 08 préidmos anos:




GRUPO DE PESQUISA EM

2 B10ENERGIA

& U S P Universidade de S3o Paulo | Instituto de Energia e Ambiente

Bioeconomia no Brasil: iniciativas

* CGEE (Centro de Gestdo e Estudos Estratégicos)* l 1

*  Panorama da Bioeconomia no Brasil e identificacdo das areas estratégicas (2017)

- Tema #1: Biomassa e tecnologias

*  Projeto: Oportunidades e Desafios da Bioeconomia (ODBio) associadas
*  Perspectivas da bioeconomia brasileira com base em inovacdes tecnoldgicas e de !Drod'ugao susltentavel de biomassa,
incluindo residuos
mercado (2020)

- Tema #2: Processamento de
biomassa e biorrefinarias

*  Arquitetura operacional de um knowledge hub em bioeconomia (2020) Desenvolvimento de insumos,
equipamentos e métodos para o pré-
tratamento e processamento das
biomassas

*  Nota Técnica — Mapeamento de capacidades brasileiras em CTI em bioeconomia (2020)

*  Proposta de observatério em bioeconomia (2020)

* Outras:
- Tema #3: Bioprodutos

Produtos, processos e servigos de alto
«  CNI-Bioeconomia e a industria brasileira (2020) valor agregado com a utilizagdo de
biomassa — fortalecendo a “quimica
verde” e aspectos de circularidade

*  Embrapa - Desafios para a inser¢do da bioeconomia brasileira no contexto mundial (2018) econdmica

*  CNI/Harvard — Bioeconomia: uma agenda para o Brasil (2013)

*  BNDES — A bioeconomia brasileira em nimeros (2018)

* Instituto Escolhas — Uma nova economia para o Amazonas: Zona Franca de Manaus e Fonte: CGEE

. . (2017)
Bioeconomia (2019)

*  Publicagbes — Nobre et al. (2016): Land-use and climate change risks in the Amazon and the need
of a novel sustainable development paradigm; Machado et al. (2019); etc.

*  Frente Parlamentar Mista da Bioeconomia

*Qrganizagdo supervisionada pelo MCTI (Ministério da Ciéncia, Tecnologia e
Inovagdes)


https://www.cgee.org.br/documents/10195/734063/2665_Panorama+da+Bioeconomia+no+Brasil+e+Identifica%C3%A7%C3%A3o+das+areas+estrategicas.pdf/edef5bb2-2aa8-48dc-8002-be57cf1b688f?version=1.0&fbclid=IwAR0Y_3ZnU0dohirs87exeti2pvkRQW1aOolyvXVwEpEZpGYJimipcuVZxVU
https://www.cgee.org.br/documents/10195/6917123/CGEE_Per_Bio_Bra_Bas_Ino_Tec_Mer.pdf
https://www.cgee.org.br/documents/10195/6917123/CGEE_NT_Map_Cap_Bra_CTI_Bioeconomia..pdf
https://www.cgee.org.br/documents/10195/6917123/CGEE_Arq_Ope_Knowledge_Hub_Bioeconomia.pdf
https://www.cgee.org.br/documents/10195/6917123/CGEE_ODBIO_Prop_Obs_Bioec.pdf
https://bucket-gw-cni-static-cms-si.s3.amazonaws.com/media/filer_public/78/86/7886aeb1-57a8-4be2-9ad9-f8f31b176a8f/bioeconomia_uma_agenda_para_brasil.pdf
https://bucket-gw-cni-static-cms-si.s3.amazonaws.com/media/filer_public/cd/ed/cded4159-a4c5-474d-9182-dd901b317e1c/bioeconomia_e_a_industria_brasileira.pdf
https://web.bndes.gov.br/bib/jspui/bitstream/1408/15383/1/BS47__Bioeconomia__FECHADO.pdf?fbclid=IwAR3UuFk_R8USfnLIrNMAgt3-fmL5mTLx2c79OWeCZfIXT0w5nDzStWo8dxU
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/185390/1/Desafios-para-a-insercao-da-bioeconomia-brasileira-l.pdf
http://www.escolhas.org/wp-content/uploads/2019/10/RELATORIO_Uma-nova-economia-para-o-Amazonas-Zona-Franca-de-Manaus-e-Bioeconomia.pdf
https://doi.org/10.1073/pnas.1605516113
https://doi.org/10.1002/bbb.2064

Aproveitamento de
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‘# USP residuos

anaerobic
digestion

biomethane

reforming

hitoe//da Fig. 9. Production of digestate by anaerobic digestion of residual biomass into biogas.
Recelved Source: Elaboration of the third author.

Available
1364-032°
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Comprehensive Manure Treatment

bio-filtration

water 'solidHliquid|_liquid

o] ot

oomfeulonl » or disposal

Fig. 10. Model of integrated biorefinery to produce compost, digestate and for recovering
energy from a comprehensive poultry manure chain.
Source: Elaboration of the corresponding author.

hiips://doloreg 101016 /j.rser. 201 8.02.041

Received 2 May 2017; Received in revised form 8 November 2007; Accepled 28 February 2018
Available online 16 March 2018

1364-0321/ & 2018 Elsevier Lid. All rights reserved.
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Fig. 3. Agricultural straw vesidues per square kilometer potentially available for energy recovery and birefinery purposes in the European Union.
Souree[37].
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Fig. 2. Potential availability of selected agricultural residues in 2015/16 (Data source:
[571.
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Atlas de Atlas de

Bioenergia Bloenergla

do Brasil , S d o Brasil
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ATLAS DAS BIOMASSAS \-\

DO RIO GRANDE DO SUL
PARA PRODUCAO DE BOGASE BIOMETANO.

INVENTARIO DA BIOMASSA
PRODUTORA DE BIOGAS DE
PERNAMBUCO

Prof Sérgie Peres Ramos da Sdva, PA.0.
Profts. Maria ée Los Asgtles Peres Fernander Patha, 0.5¢.
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PROJETO P&D — CESP — ANEEL —
2018-2020

COGERACAO NO SETOR DE ACUCARE
ALCOOL

OTIMIZACAO DO PROCESSO DE PRODUCAO
BUSINESS PLAN PARA COMERCIALIZACAO DA
ELETRICIDADE

ATLAS DE BIOENERGIA DO ESTADO DE DO ESTADO DE
SAO PAULO SAO PAULO

PROF DOREL SOARES RAMOS (EPUSP/USP)
PROF SUANI COELHO (GBIO/IEE/USP)
PROF PEDRO DIAS (UNESP)
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Usos Finais da Biomassa - Energia

* Producao de energia

* Cogeracao com bagaco de cana-de-acucar e residuos em
geral

e Pellets de residuos de madeira

* Biogas em aterros, ETEs, agro-industrias e na
propriedades rurasi

* “Cooking stoves”(Traditional biomass)

e Biocombustiveis (liquidos)
e Etanol (cana-de-acucar, milho, beterraba)

* Biodiesel (palma, soja, mamona, canola, gordura animal,
etc)
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Biomassa Moderna vs Biomassa Tradicional Universidade de S50 Paulo | ntut d Energiae Ambere
(Karekezi, Lata & Coelho, 2004)

* Tecnologias tradicionais de uso da
biomassa (“biomassa tradicional”):
* Combustdo direta (ineficiente) de

madeira, lenha, carvao vegetal, residuos
agricolas, residuos de animais e urbanos.

* Usos: cocgao, aquecimento, secagem e
producao de carvao.

* Principalmente Africa, Asia, AL/C

 Tecnologias “aperfeicoadas” de uso da
biomassa (“biomassa aperfeicoada”):

* Tecnologias mais eficientes de combustao
direta de biomassa (fogdes e fornos).

Global Bioenergy Partnership GLOBAL ALLANCE FOR
CLEAN COOKSTOVES

May 2014, Maputo, Mozambique

- 3 3 -
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* Tecnhologias modernas
de uso da biomassa

(“biomassa moderna”):

tecnologias avancadas
de conversao de
biomassa

* Geracao de
eletricidade a partir de
bagaco de cana,
madeira e residuos
rurais/urbanos

e Usode
biocombustiveis —
Programa do Alcool no
Brasil e EUA
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Situacao Mundial

1,2 bilhdes de pessoas sem acesso a
eletricidade no mundo

2,7 bilhdes de pessoas — biomassa de
desmatamento para aquecimento e
coccao de alimentos (REN21,2016)

50% dos DC’s — 80% Africa Sub-
Saariana

Necessidade de garantir acesso a
energia usando combustiveis modernos
e limpos

Grupo de trabalho do Secretario Geral
da ONU - United Nations Secretary
General Advisory Group on Energy and
Climate Change (AGECC)

Criacao da “United Nations Energy
Access Facility — UN-EAF”
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Situacao Mundial

e United Nations Secretary General Advisory Group on Energy and

Climate Change (AGECC) - https://www.unido.org/our-

focus/cross-cutting-services/green-industry/partnerships/agecc-

rou

Energy for a

e 2013 — SE4ALL - Sustainable Energy for All

https://www.seforall.org/about-us

THE SECRETARY-GENERAL'S
ADVISORY GROUP ON
ENERGY AND CLIMATE
CHANGE (AGECC)

SUMMARY REPORT AND
RECOMMENDATIONS

f'Jf' -"'llll !II-I 28 April 2010

New York

ENERGY
FORALL
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BIOENERGY CONTRIBUTING TO ACHIEVE THE SUSTAINABLE
DEVELOPMENT GOALS

NO GOOD HEALTH (]UALITY GENDER CLEAN WATER

POVERTY AND WELL-BEING EDUCATION EQUALITY AND SANITATION

DECENT WORK AND INDUSTRY, INNOVATION 10 REDUCED
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES

i

1 CLIMATE 1 LIFE 1 LIFE

16 PEACE, JUSTICE PARTNERSHIPS

ACTION BELOW WATER ON LAND ;‘rg% ISTLRTﬂmNgs FOR THE GOALS 23
SUSTAINABLE
DEVELOPMENT

Y, @

GOALS

Established in 2015 at the United Nations

Each goal has specific targets to be achieved over the next 15 years (2030)




GRUPO DE PESQUISA EM

2 B10ENERGIA

Universidade de S0 Paulo | Insttutn de Energia e Ambiente

Energy Access Worldwide

1090 S.T. Coelho, J. Goldemberg / Energy Policy 61 (2013) 1088-1096
Table 1
Number and share of people without access to modern energy services in selected countries (2008). Source OECD/IEA (2011).
Countries/regions Without access to electricity Relying on the traditional use of biomass for cooking
Population (million) /SQ'& of population (%) Population (million) /;h{m of population (%)
Africa 587 58 657
Nigeria 76 49 104
Ethiopia 69 83 77
DR of Congo 59 89 62
Tanzania 38 86 41
Kenya 33 84 33
Other sub-Saharan Africa 310 68 335
North Africa 2 1 4
Developing Asia 675 9 1921
India 289 25 836
Bangladesh 96 59 143
Indonesia 82 36 124
Pakistan 64 38 122
Myanmar 44 87 48
Rest of developing Asia 102 B 648
Latin America 3 7 85
Middle East 21 1 0
DCs 1314 25 2662

World 1317 19 2662




GRUPO DE PESQUISA EM

2 B10ENERGIA

Universidade de Sao Paulo | Instituto de Energia e Ambiente

IEE

The three major solid fuels

Smith, K., 2016 - International Conference on LPG:
Catalyst of Social Change - Indian Ministry of Petroleum
and Natural Gas. Bhubaneswar, Odisha
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0 “edorel Misstry ad
far Economic Cooperation
a3 Development

Towards sustainable
modern wood energy
development

Stocktaking paper on successful initiatives in developing countries
in the field of wood energy development

= GBEP

Toma' Beormenge Prtwring

Publisned by glz
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vegetal

Figure 3: Number of people relying on biomass energy
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2004 2015 2030 Figure 4: Regional comparison of per capita woodfuel consumption in 2011
Source: (IEA 2006)
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Source: (liyama et al. 2014) Africa
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| Consumo de energia residencial no Brasil
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Source: EPE (2017). Balango Energético Nacional (BEN)



Midwest

Population 15 442 232

Per capita energy demand for cooking 231 kJ
Fuelwood 47%

LPG 53%

Human Development Index 0.75

Gini Index 0.44

Population: 29 230 180

Per capita energy demand for cooking 222 kJ
Fuelwood 42%

LPG 58%

Human Development Index 0.76

Gini Index 0.44

Desigualdade nas regides

North
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Population 17 472 636
Per capita energy demand for cooking 209 kJ
Fuelwood 54%

LPG 46%

Human Development Index 0.69
Gini Index 0.47

Share

Ecopa Project - FAPESP/ANR

Northeast
Population 56 560 081
Per capita energy demand for cooking
Fuelwood 57%

LPG 43%

Human Development Index 0.66
Gini Index 0.50

62 kJ

Population 85 745 520

Per capita energy demand for cooking 208 kJ
Fuelwood 45%

LPG 55%

Human Development Index 0.75

Gini Index 0.48

80% T —

0%

60%

50%

40%

20% +

10%

0%

o1 D2 D3 D4 D5 D6 D7 [o5: Dg D10

= Fuelwood = Natural Gas LPG B Kgrosene W Charcoal

Source: Prepared by the authors based on data from MME (2010-2014) and Uchda (2014)
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. per income decile in Brazil (2013)

0
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0%

Share of fuel

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

® Fuelwood = Natural Gas = LPG mKerosene m Charcoal

Source: Sanches-Pereira A, Tudeschini LG, Coelho ST. Evolution of the Brazilian residential carbon footprint
based on direct energy consumption. Renew Sustain Energy Rev 2016;54:184-201.
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Per capita consumption of fuelwood and

LPG in Brazil for cooking per region in 2013

1,80
1,60 S
1,40 S S
1,20 S S R .
1,00 -
0,80 -
0,60 -
0,40 -
0,20 -
0,00 -

LPG

H Fuelwood

103 toe per capita

Northeast North Region Midwest Southeast  South Region
Region Region Region

Lower HDI I ngher HDI

Source: Sanches-Pereira A, Tudeschini LG, Coelho ST. Evolution of the Brazilian residential carbon footprint
based on direct energy consumption. Renew Sustain Energy Rev 2016;54:184-201.
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Bioenergy and Sustainable Development

Reduce greenhouse gas emissions.

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

Provide economic opportunities including jobs and income for rural
economies.

Help improve

Source: IEA, 2017 — Bioenergy Technology Roadmap



~UIEE Biomass resources

Figure 5. Biomass Resources and Energy Pathways
Furpose- Faorest Aoriculture Faod and
TrCMW and farest fibre
crops residues processing
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Fuel wood,

crop residues,

dung fram harvesting
and scavenging

&

Souma:
Saa Endnote &
forthizsaction.

Global annual
primary biomass
demand

55.6 EJ

Traditional biomass

Source: REN 21 Global Status Report (2018)
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Potential configurations of bioenergy pathways: From biomass to final energy use

FINAL ENERGY USE

w—)

PRODUCTION
PROCESS

Transesterification

Fermentation Biofuels

Advanced biofuel for

processes
transport

Chipping
Pelletisation
Torrefaction

Combustion for

Pyrolysis

B Electricity

Gasification B Heat
Sorting, separating and
fuel preparation

Biomass-based

Anaerobic digestion .
materials and products

!

Source: IEA, 2017 — Bioenergy Technology Roadmap
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FIGURE 20. Global Ethanol, Biodiesel and HVO/HEFA Fuel Production by Energy Content, 2008-2018
Energy cantent {exapues)
4

World Total

3.8 Exajoules — ' HVO/HERA

B Biodiesel (FAME)

0 Ethanal

2008 2009

2000 20m 22 23 34 2SS 2ME 2017 208
Mode: HVD = hydrobreated wegetable ail; HEFA = hydrodreated esters and fatty scids;
FAME = fatty scid methyl esters

Sowres: See andnote B2 far this section.

Source: REN 21 Global Status Report (2019)
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Bioenergia no mundo/eletricidade

FIGURE 19. Global Bioelectricity Generation, by Region, 2008-2018

Terawalt-howrs per year World Tatal
00 581 Terawatt-hours __ ™8 Rest of World
Bl China
B South America
- Bl Fect of Asia
B MNorth America
400
m El-28

b ]

-
00 — "’, -~
n—

o8 2009 2010 20mM 2M2 A3 A4 25 2006 AT 2018

Saurce: Ses endnabe 32 for this section.

Source: REN 21 Global Status Report (2019)
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M TABLE 3. Renewable Electricity Generating Technologies, Costs and Capacity Factors, 2018
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Figure 7. Wood Pellet Global Production, by Country or Eegion, 2000-2013
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Fonte: RENZT.Renewables 2012 - Global Status Report
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Supporting a Sustainable European Bioenergy Trade Strategy BioTrade2020plus

Disponivel em http://www.biotrade2020plus.eu/images/workshop-vienna/1_BioTrade2020-
Workshop_Biomass_Trade_Vienna_150603_CENER.pdf



Bioenergy's role in
balancing the electricity
grid and providing
storage options - an EU
perspective

Prosumers

http://www.ieabioenergy.com/wp-content/uploads/2017/02/IEA-
Bioenergy-bio-in-balancing-grid_master-FINAL.pdf
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Global Wood Pellet
Industry and Trade
Study 2017

Global Wood Pellet Industry and Trade Study 2017
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K4 Boscargy: Task 48 Jane 3027

http://task40.ieabioenergy.com/wp-content/uploads/2013/09/IEA-
Wood-Pellet-Study final-2017-06.pdf



http://www.ieabioenergy.com/wp-content/uploads/2017/02/IEA-Bioenergy-bio-in-balancing-grid_master-FINAL.pdf
http://task40.ieabioenergy.com/wp-content/uploads/2013/09/IEA-Wood-Pellet-Study_final-2017-06.pdf
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Bioenergia nos paises
em desenvolvimento

Estudos de caso
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2- Solid fuel produced from rice straw

The GEI
Small Grants
Programme =

Egypt

Dissemination of Biogas Units
in Minia

June 2008— Dec. 2009
Abdullah El-Nadim Foundation in Minia

Egypt - GBEP Focal Point
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Repuiblica de Mogambique
Ministério da Agricultura

Zoneamento Agroecologico
Resultados do Pais, excepto Maputo §

TS >

> 1% Lo | £ ; Mozamigue; Track Fieid
N g LY, Pl 3= v -
Apresentacao & wnnje Bioenergia
Maputo, 06 Maio de 2014
Example - Zoning W VALE \TFGV PROJETOS

Agroclimatic Zoning Edaphociimatic Zoning Edaphic Zoning
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SUDAO

e

e Practical Experience
* Sudan has started an ambitious non-hydrous
bio-ethanol production plan

* The first bio-ethanol plan in Sudan (2009)

* High value added product with high export
potential

* Brazilian technology ; State of the art, fully
computerized plant

* Uses molasses as feedstock with flexibility to
use juice

* Production Capacity: 200,000L/day, 65 m
L/year.

* Market: Domestic - 10%; Export - 90% (to EU)

n GRUPO DE PESQUISA EM
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Ethanol Production

Product

* Ethanol - Anhydrous
Alcohol
By products

* Yeast

* 2nd Grade Alcohol

* Vinasse

* CO2 (Carbon Dioxide)




Solar PV (Horticulture - Tambuzi, Kenya)

Energy Security for Agro-
industry
Kenya

Biogas (PJ Dave Flowers, Kenya)
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Training Workshop - Nairobi, Kenya
June, 2017

Stephen Karekezi
Director - AFREPREN/FWD
Nairobi, Kenya
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Kakira Sugar Ltd — Etanol de cana + planta de biogas de
vinhaca (0,4MW)

Kakira overview 4

Distillery Power House

S —

74

ESAT L 1L BRI LA el N 7!!7‘_‘1'.‘-!‘\'\‘Gm’ﬁm':._"li'.'l""?—'. lE‘é"av.'".i

fppt.com|
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Energy supply for households around the plant
Uganda

= "tt'jj‘

o

renewable

energy

— AFREPREN/FWD
;r:;::',“{up nergy, Environment and Development Network for
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UNIDO/UNEP/GEF Project :
Generation and Delivery of Renewable Energy Based . —— 2N
Modern Services in Cuba - The case of Isla de la Juventud _a S "‘“‘n-_w o
\ gl n 7 y 5_:1,{ \

Wood gasification for power production
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Source: S. Coelho,
Project Technical
Reviewer - 2014
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Cogeneration for Africa- Overview

To build on success of Mauritius &
relevant elements of EC-supported Cogen
Asia initiative

Initial 6 year phase to cover 7 countries
which have endorsed project (Kenya,
Uganda, Tanzania, Sudan, Ethiopia,
Malawi and Swaziland) — later phases
could expand to other regions of Africa

Established network of national
coordinating centres/national experts
willing to play a key role in promoting
cogeneration

Overall coordination provided by
AFREPREN/FWD Regional Cogen Project
Office
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Africa Sub Saariana
Cogen for Africa

Projeto
GEF/UNEP/Nairobi

KAKIR

LUGAZI
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Commlssmned Cogen Investment — Kakira, Uganda
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Energy supply for households around the plant




- nGRUPO DE PESQUISA EM
EE [P wido.or @ - R BIOENERGIA

Universidade de S3o Paulo | Instituto de Energia e Ambiente

UIP UNITED NATIONS -
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Cﬁi‘?fvture platform

An action-oriented, country-led, multistakeholder mechanism
for policy dialogue

Biofuture Platform

Collaboration among leading countries, organizations,
academia and the private sector

Need to accelerate development and scale up deployment of
modern sustainable low carbon alternatives to fossil based
solutions in transport, chemicals, plastics and other sectors

Global fight against climate change, nurturing solutions in low
carbon transport and the bioeconomy

To aid to countries to reach their NDCs

To contribute towards the Sustainable Development Goals,
especially SDGs




biofuture platform
ABOUT  DECLARATIONS  MEMBERS  RESOURCES ~ NEWS  EVENTS GET INVOLVED

. q Q
Q

Q
Q
Q

Q
&

Argentina « Brazil «» )Canada « China~—Benmark « Egypt « Finland « France « India « Indonesia « Italy « Merecee ozambique «
etherlands hilippines « Sweden « United Kingdom « United State w
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Matriz energética brasileira
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a Ministério de Minas e Energia

biomassa da hidraulica® lenhae lixivia e outras
cana carvao vegetal renovaveis

1,9% 8,0% 5,8%

' Inclui importacdo de eletricidade oriunda de fonte hidrdulica

NAO RENOVAVEIS » 56,8%

petrdleo e gas carvao uranio outras ndao
derivados natural mineral renovaveis

36,2% 12,9% 5,6% 1,4% 0,6%

epe

—————— - . ~— 14
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BIOENERGY — A RENEWABLE ENERGY SOURCE

To achieve Brazilian NDC - Paris

Agreement

NDC Brasil

0 Brasil apresentnu 2 Contribuicio Nacionalments Detarminada (INDC) com metas ambeiosas para 08 praomos anos:

..........

chs mmassdes de carbonn®
(1111}

http://www.mma.gov.br/clima/convencao-das-nacoes-
unidas/acordo-de-paris
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0s
COP21 — Metas apresentadas
pelo Brasil
* Segundo o INDC apresentado e ratificado pelo Brasil
junto a ONU, até 2030 o Pais precisa:
* GEE: reduzir emissoes de GEE em 43% (sobre base
2005);
« Combustiveis: objetivo & aumentar a partic. dos
biocombustiveis na matriz energética para 18%.
* Energia Elétrica: aumentar energias renovaveis exceto
hidroeletricidade (solar, eclica e biomassa) para no
PA R | 5201 5 minimo 23% da geracao total.
COMFEREMCIA DA ONU SOBRE MUDANGA CLIMATICA
COP21-CMP11
Nota: INDC = Intended Nationally Determined Contribution.
Fonte: Nastari, P. (2016). Workshop on Perspectives of the DATAGRO @ =

biomethane contribution to increase NG offer. September 14, 2016.
GBIO/RCGI/USP
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COP-21 — Biocombustiveis

* Aumentar a participacao dos
biocombustiveis na matriz energética
para 18% significa:

* Expandir a producdo e o uso domestico para
entre 50 e 54 bilhdes de litros/ano;

* Equivale a uma expansao, sobre base 2016, de
330 milhdes de tons de cana;

» 2030 estd apenas 2 ciclos de cana a frente!

PARIS2015

CONFEREMCLA DA ONU SOBRE MUDANCA CLIMATICA

COP21-CMP11

DATAGRO @ 2
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Evolucao das emissoes de CO,

IEE

¢ Evolucao das emissdes totais antropicas associadas a matriz energética brasileira em
MtCO,-eq
600
Fonte: MCT
469,0
. Fonte: EPE 429,0 435,8 9,
400 Projetado’ 37755
288,4 313!4
200
o
2000 2005 2010 2016 2017 2026
. Realizado Projetado’
Indicador
2000 a 2017 2000 a 2026
Taxa média de crescimento anual 2,5% 1,9%
epe ' PDE 2026.
Frprecs 68 Pasgans Enegrtas BEN 1{"3 I DESI‘..EE]I.E'Sl and IJBSE 1{"? 42
|~ — B
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I I Emissoes de CO, per capita

20,0
18,0
16,0
14,0
12,0
10,0
8,0
6,0
4,0
2,0
0,0

epe

Fmpress ¢ Pesqans Fnmgetcs

* Produzindo e consumindo energia, cada brasileiro emite, em média, 7 vezes menos do
que um americano e 3 vezes menos do que um europeu ou um chinés.

Emissoes de CO, per capita (2015), em t CO,/hab

EmissGes per capita
brasileiras em 2017
2,1t CO,/hab

Fonte: EPE
H

EUA China Unido Brasil
Européia

Fonte: Agéncia Internacional de Energia.
Elaboragdo: EPE

BEN 2018 | Destaques| ano base 2017 43
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Reparticao de ‘lixivia e outras renovaveis’

lixivia e outras renovaveis

5,8%

Lixivia 8.447 8.658 2,5%
Gas
industrial de Biodiesel 3.009 3.366 1,8%
carvao
vegetal Solar
Z Outras
0,4% i : 1.10 1.11 1,3%
Bloaks biomassas' 3 Z 3
11% o
Outras Lixivia BIOgéS 137 191 39’5%
biomassas 50,6% - -
b ) Gas industrial de
6,5% Biodiesel =
19,7% ’ carvao vegetal 3 74 10,42
Edlica 2.880 3.644 26,5%
Solar 7 72 875,6%
Total 15.667 17.122 9,3%
e p e ' Inclui casca de arroz, capim-elefante e dleos vegetais
Fupeess o Pesquns fnwrgeics BEN 2018 | Destaques| ano base 2017 15
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IEE

BEN 2018

I | Oferta interna de energia 2017/2016

variacao Mtep 2017/2016
(3,00 (2,00) {1,00) 2 1,00 2,00 3,00

RENOVAVEIS 125,3 126,7 1,1% e
Energia hidraulica’ 36,3 35,0 -3,4% B Energia hidraulica
Biomassa da cana 50,3 51,1 1,6% Biomassa da cana
Lenha e carvao vegetal 23,1 23,4 1,4% Lenha e carvao vegetal |l
Edlica 2,9 3,6 26,5% Edlica 1N
Solar 0,007 0,072 875,6% Solar |
Lixivia e outras renovaveis 12,8 13,4 4,9%

= Lixivia e outras renovaveis N
NAO RENOVAVEIS 163,0 166,8 2,4%

Petroleo e derivados [
Petréleo e derivados 105,4 106,3 0,9%
Gas natural 35,6 37,9 6,7% Gas natural
Carvao mineral 15,9 16,6 4,1% Carvao mineral [N
Uranio (U308) 4,2 4,2 -0,4% | Uranio
QOutras ndo renovaveis 1,9 1,8 -4,7% I Outras n3o renovéveis
' Inclui importacdo de eletricidade oriunda de fonte hidrdulica
epe
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e Exercicio

* Comparacao das emissoes entre Brasil e o mundo
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\ Consumo final de energia por fonte

BRASIL (2017)

Lenha 6,4%
Lixlvia 2,5% Gas natural
7:4%
Querosene :
3% Bagaco de

cana 11,74
Outras fontes? "

GLP 3,2%

Eletricidade
Oleo diesel’ 17,4%
18,0%
Oleo
combustivel
1,1%

Etanol 5,5%

! Inclui biodiesel

! Inclui gasolina de aviagdo

BRASIL (2016)

Lixivia
2,4%

Querosene
1,3%

GLP Gds natural
3,2% v
. Outras 7¥4% Lenha
s fontes® 6,3%
Gasoh’naJ 15,8%
9,5% ¢

Oleo diesel’

Eletricidade
18,1%

17,5%

Oleo

combustivel

1,2% Bagaco de
cana
Etanol 1,7%

5:6%

3 Inclui gds de refinaria, coque de carvdo mineral , de carvdo vegetal e de petrdleo, alcatrdo, nafta, carvao mineral, outros

energéticos de petroleo, asfalto, lubrificante s e solventes.

‘epe

Fxpeecs te Pesqena Enmgics

BEN 2018 | Destaques] ano base 2017 19
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I ‘ Quem usou a energia no Brasil

industrias transportes residéncias setc'>r‘
energético
33,3% 9,6% 10,0%
AA
C
2017 260,0 Mtep
2016 255,5 Mtep agropecuaria servicos uso ndo energético

4,0% 4,8% 5,8%

=

uso energetico
94,2%

Producdo industrial e transporte de carga / passageiros respondem
e pe por aproximadamente 66% do consumo de energia do pais.

R N BEN 2018 | Destaques| ano base 2017 21
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| Matriz Elétrica Brasileira

BRASIL (2017)

Derivados de Carvaoe
Gas Natural Petroleo Derivados'
10,5% 3,0% . Nuclear 3,6%

Solar

0,13
Edlica
6,8%

Biomassa®
8,2%

2,5%

Hidraulica?
65,2%

BRASIL (2016)
Derivados
Gas P tde,l Carvdo e
Natural R D i A
o 2,5% erivados
9,1% Nuclear 4,1%

6%
Solar o

Edlica
.—’74 ":.'

Hidraulica?
Biomassa® 68,1%

8,2%

oferta hidraulica? em 2017: 407,3 TWh

oferta hidraulica’ em 20162 421,7 TWh

oferta total’ em 2017: 624,3TWh

oferta total’ em 2016: 619,7 TWh

epe

Tupress 2o Pesqeis Enmgetics

'Inclui gds de coqueria, gds de alto forno, gds de aciaria e alcatrdo

* Inclui importacdo

?Inclui lenha, bagaco de cana, lixivia e outras fontes primdrias.

BEN 2018 | Destaques| ano base 2017

31
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I ‘ Capacidade Instalada' (MW)

Hidrelétrica 96.925 100.275 3,5%
Térmica’ 41.275 41.628 0,9%
Nuclear 1.990 1.990 0,0%
Edlica 10.124 12.283 21,3%
Solar 24 935 3836%

' Ndo inclui micro e minigeracao distribuidas
? Inclui biomassa, gds, petréleo e carvao mineral

epe
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e am 221 | =) Termoelétricas
qunuﬁvh 161 206 240 256 287 317 32\ 392 406 418 413 418 emergenciais
Processos industriais 4 22 3™ 4 5 65 76 B3I 95 100 101 o
Residucs % 1@ 2 25 29 33 3| 41 49 48 48 4
Mudanca de
mm"‘i“l nd nd nd nd 1247 2204 1458 1506 599 568 466
E_mmmmmmmmmmm
mmm - - 304 305 327 374 409 409 409 -411

mmmmmmmmmmmm

*nd: rﬁ:im'umshnm:hmu‘mnﬁ::d:rnuda‘rpd:umdumFumnp:rFudnde 1570 8 1982,
Tabela 1: evolugdo das emissdes brutas e liquidas de GEE no Brasil por setor entre 1970 & 2013 (Mt 00 2

O O L O O O N N N N O T N N S N N

Emissoes de

carbono no Brasil:
S o o o o 0 0 0 3 A 5 5 5 o 5 o e s o Aumento nas

COe [t GWP) emissoes do setor
I Tratamento de efluentes industriais . Tratamento de efluentes doméstioons de energia e no

[l Disposicio deresiducs ] Incineracio de residuas setor de residuos
50

40

an
Fonte: Observatorio do Clima
https://s3-sa-east-
1.amazonaws.com/seeg.tracersoft.com.br/wp-
content/uploads/2015/08/sintese_2015.pdf

20

Milhtes de toneladas

10

1970 1974 197 1982 1988 1950 1594 1998 2002 ot ] o

Figura 11: emissdes por tratamento de residuos [1970-201 3)

S L o o o o o G A A o S A e
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Taxas oficiais de desmatamento na Amazonia, calculadas pelo PRODES

Taxas (km’?)

25.000 -

15.000 ~

10.000 -

5.000 —

L) L L) \J Ll L] Ll

FELLF LSS LELLF T TS TP S8 6% %"
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Biocombustiveis no Brasil
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PRODUCAO DE ETANOL

https://www.youtube.com/watch?v=Ghr98yLVoiY

https://www.youtube.com/watch?v=m3XS19jeBUw



https://www.youtube.com/watch?v=Ghr98yLVoiY
https://www.youtube.com/watch?v=m3XS19jeBUw
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~IEE udl BIOENERGIA
& U S p Universidade de S0 Paulo | Insttutn de Energia e Ambiente

e

Ethanol-Sugar Mills Location in Brazil

2016/17 season
In Brazil thers are two sugarcane areas:
= in the North-Northeast at about 12% of
the production area of sugarcane
« and the Center-South with
remaining 88% N-Northeast :

444,7 MM t cane

g e 3 v In the Center-South, the harvest takes place
P | v e % | s— from Apri to December Center-South:
2500Kkm UK S w L 607,1 MM t cane
(. /2‘ N, The North-Northeast harvest begins in T
AW, ot pe September, ending the following year in March. \NO irrigation
e Ferti-irrigation w/
R 4 vinasse
o

/ 132
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‘ Consumo final de energia por fonte

BRASIL (2017)

i Lenha 6,4%
Lixlvia 2,5% Gas natural
7:4%
Querosene .
3% Bagaco de

cana 11,7%

Outras fontes?

GLP 3,2%

Eletricidade

17,4%

Oleo diesel’
18,0%
Oleo

combustivel
11%

Etanol 5,5%

! Inclui biodiesel

! Inclui gasolina de aviagdo

BRASIL (2016)

Lixivia

v
Querosene 245

1,3%
GLp Gas natural
3.2% o
. Outras 7/4% Lenha
' fontes’ 6,3%
Gasolina 15,8%
9,5% _4

Oleo diesel
18,1%

Eletricidade

5%
Oleo 175

combustivel
12% Bagaco de
cana
Etanol 1,7%

5,6%

3 Inclui gds de refinaria, coque de carvdo mineral , de carvdo vegetal e de petréleo, alcatrdo, nafta, carvao mineral, outros

energéticos de petréleo, asfalto, lubrificante s e solventes.

‘epe

Fxpoecs 0o Pesqena Enmgincs

BEN 2018 | Destaques] ano base 2017 19
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I | Consumo de energia nos transportes - matriz

‘ Gasolina® +2,6%
Produtos substitutos

2017 84,5 Mtep
2016 82,6 Mtep

' 2,3%

-0,2%

f Oleo diesel +2,7% biodiesel +2,7%

‘ Gas Natural +8,9%

Querosene de avia¢do Gas natural Outras
3,0% \ 2,0% / 0,9%

Renovaveis Renovaveis
20% 20%
2017 2016
Biodiesel
3,3%

' e p e ' Inclui gasolina de aviacdo

PRIV .o BEN 2018 | Destaques| ano base 2017 25
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‘ Consumo de energia nos transportes - destaques

‘ Etanol hidratado -6,9%
“ Gasolina automotiva 2,6%

Aumento da importacio de gasolina (mil m’) Estabilizacdo da participacdo do etanol (anidro+hidratado)
36.000 | *Gasolina Automotiva A17/16 no mercado de veiculos leves
33.000
Importacao ﬁ 36% 6%

= H ' 3 Etanol
27.000 ; 64% 64%

Producdo ﬁ Gasolina A
24.000 + s y

2016 2017 *0,5% 2016 2017
Variacdo Consumo Diesel Servicos (Transporte, armazenagem e correio) - Varia¢do valor adicionado
0,9%
A1y [16 —)
A17/16
A6 15
|
Tinclui biodiesel -6,8%
e p e Fonte: EPE; IBGE. Elaborag¢ao: EPE
Fmpress de Pesgona Fawgirca BEN 2018 | Destaques| ano base 2017 26
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O Programa Brasileiro do Alcool

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

e Iniciado 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

e Atualmente - economicamente
competitivo com a gasolina ?
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Evolucao historica dos precos do petroleo

Crude oil princes 1861-2009 Growth of Loss of Netback Asian
US dollars per barrel Venezuelan Iranian pricing financial
gamne ¥ production supplies introduced crisis
World events
Pennsylvanian  Russian Sumatra Discovery of Fears of East Texas Post-war, Suez Iranian Irag |Invasion
0il boom oil exports|  production Spindletop. shortage field i crisis revolution invaded of Iraq
began began Texas inUS discovered Kawait
120
110
n 100
90

\ .
1 \ ’
[ |

50

0

Goldemperg, 2Q11

A
LNV M )
| 0 A "4 M Vo oY S Sy [ (D :

| 10
/\’- A~ P

1861-69  1870-79 1880-89 1890-99 1900-09 1910-19 1920-29 1930-39 1940-49 1860-59 1960-69 1970-79 1980-89 199099  2000-09 0

M $2009
M $ money of the day




Incentivos, mandatos de mistura,
novas tecnologias
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Desregulamentacio e Mercado
exportacoes de agucar Externo?

Final anos 80 CRISE DO ALCOOL

Baixos pre¢os do petréleo. Governo brasileiro corta o
apoio. Altos precos do agucar afetam a producao.
Vendas de carros E-100 caem vertiginosamente.

HIDRATADO

IEE
18 7
14 |
§12 i
;10 T 1975
] PROALCOOL
a8 12 FASE
Mistura obrigatéria
E o] e subsidios.
é
a

ANIDRO

o N a2 oo o9

Crise do petréleo & baixos
pregos do agucar.

| T

T

1978-1979 PROALCOOL - 2? FASE
Incentivos fiscais e isen¢des de impostos para a

- produgéo de etanol e carros movidos a E-100. Todos

0s postos devem vender etanol. Pregos do etanol
(65% da gasolina) garantidos na bomba..

g Eéég

2003 FLEX FUEL
Veiculos flex fuel comegam a
ser vendidos.

— e ppem———, E—

Source: Datagro, Icone e
UNICA
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Unidade Vendidas

Fonte: ANFAVEA
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Ethanol production costs for different crops

IRENA(2013)

1 A
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5 e Proedea e - el
140 e P Pl - LW SO
1.35
g:.ﬁ I .
F L - ;
o1
i - E E E
o p §
638 r B %

P oii
1T = - y . — —

2000 HO0N HIOE FOOF AO0E MOOT oW O 33D 3501 MHiF ML




| \! 6RUPO DE PESQUISA EM

gl A& BIOENERGIA

" USP iersitat de S Pain | ni e Energa e ATlienle
[ I']

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

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

nl] e e e —— i ——

St 2 2B EER B

Fwal mr i price | 30 LD LES MG )

|
e L e o e e e T

187 e I8Es 1530 I.EIEH-.,-‘JI:HJ LLE e R i T

Source: J Goldemberg, P Guardabassi (IEE/USP).
Personal Communication (2017)
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Moagem de Cana em SP e CS

700 -

600 -

B Outros CS
500 -

M SP
400 ~

Milhoes

300 A

200

100

CAGR_| SP |Outros CS |
2000-15 | 6.3%|  10.2%
2008-15 | 09%|  69%]

S & @ o A S
QQ\P d‘:’\% a”‘f) C}O’\@Qb‘@ a"’\@cs“’\? Q"\P%Qc"’\@ @\N’

Fonte: DATAGRO I:)J,&\TAGF‘EO ‘
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Milhoes de tons de ATR equivalente

90,0 1

750

60,0 -

45,0

30,0 1

15,0 1
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16/17e
CS+N/NE

29,8%

25,0%

45,2%

© o © o
/\"’(\ '(\Q '\"’\Q9 Q?Sb é”\# é”\% é‘\@ é”@ q"'\q

o o v » O v g o
FIFFSIT SIS I L

Fonte: DATAGRO

DATAGRO @
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Consumo de Etanol Combustivel no Brasil

Consumo de Etanol Hidratado Combustivel Consumo de Etanol Total Comb. (Hidr+Anidro)
20 7 Billion liters 35
Billion liters
17,9
18
16,5 30 - 28,8
16 A 15,1
14 13,3 25 241
13,0 22,7 222
20,5
12 1 10,9 10,8 20 | 13,6
10 - 94 22 17,0
15,5 15,1
s 15 A
. 1211224, ¢

. - 97 o5 102104

46 a5 47 10 4
4 35 38 3,2

5 4

2

8 28 8 382 8858822493349 2 5 8 38 32 8 858 & 8 3 2494 % 2 32
E E R @ E 8RB R 8888 8 8 8 & R @R R R /B S/ 8RR s888

Fonte: Calculado pela DATAGRO a partir de dados da ANP

DATAGRO @
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Impostos incidentes nos veiculos
Tipo de Veiculo IPI*
Veiculos a gasolina 13% - 25%
Veiculos a alcool (hidratado) 1% - 18%
Veiculos bicombustivel 11% - 18%

*A aliquota varia de acordo com a poténcia dos veiculos



Impostos incidentes nos combustiveis

Combustivel

ICMS*

Gasolina

20% - 31%

Alcool hidratado

12% - 31%

Alcool anidro (misturado & gasolina)

0%

*A aliquota é varidvel em cada Estado da Federagdo

GRUPO DE PESQUISA EM
udl BIOENERGIA
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e USP
boe Impostos incidentes nos combustiveis

Combustivel CIDE (2020)
Gasolina R$ 0,10/litro
Oleo diesel 0
Etanol 0
Gas natural 0

http://receita.economia.gov.br/orientacao/tributaria/declaracoes-e-
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demonstrativos/ecf-escrituracao-contabil-fiscal/perguntas-e-respostas-pessoa-

juridica-2020-arquivos/capitulo-xxvi-cide-combustiveis-2020.pdf/view



http://receita.economia.gov.br/orientacao/tributaria/declaracoes-e-demonstrativos/ecf-escrituracao-contabil-fiscal/perguntas-e-respostas-pessoa-juridica-2020-arquivos/capitulo-xxvi-cide-combustiveis-2020.pdf/view
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VISAO DE FUTURO
EVOLUCAO DOS VEICULOS

REGULAMENTOS
DE EMISSOES

BAIXO CUSTO PARA
MERCADOS
EMERGENTES

(S
NATLRAT

ECONOMIA DE

COMBUSTIVEL MOTOR DE

COMBUSTAO
INTERNA ?

HIBRIDO
ELETRICO

TECNOLOGIA E
REFINAMENTO
PARA MERCADOS
MADUROS

AQUECIMENTO
GLOBAL

Fonte: Nigro, F. Curso de Especializagdo em Energia e Meio Ambiente, IEE/USP
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A Flightpath to Aviation Biofuels in Brozil



GRUPO DE PESQUISA EM
IEE A BIOENERGIA

& U S P Universidade de S3o Paulo | Instituto de Energia e Ambiente

7%

27% 13%
37%

3% 11%

Total: 116 EJ otal: 32 EJ

2% 13% 2% "

[] Hydrogen [ Jet fuel B Electricity B Road passenger B Road freight
transport transport

B Gasoline [] Heavy fuel oil [ Biofuels _ P _ P_

[ Diesel B CNG and LPC Bl Aviation B shipping

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  Commercal flights using biomass derved jet fuel (A0, 201 2).
- - - - - . DATEROLUTE CARRIER | AIRCRAFT FEEDSTOCK MOTES
Table 1 Recent dtbelaemonstration flights using biomass derived jet fuel (ICAD, 2011).
23 Movernber 2009 .
PARTNER JFUEL | SOURCEOF || Amsardan - Paris KL Braz Camelina
DATE AIRLIME AIRCRAFT EMGINE SLIPPLIER LIGQUID JET —
FLIEL BLEND 29 June 2011 . 200 city pair
Feb Virgin Imperium Renewables, | 20% cooonut Ametordam - Paris KL B Hsed Craking O3 EE;':;EI?IT
2008 Aflantic B747-400 GE Cre-8002 Bosing and babassu
15 July 2011 latrapoha, cameling, | 1,200 flighis owar
Dec Air Mew Rolls-Royce . . Hamburg, - Frankfurt Lufthansa Aazl plaris & animal fas | six-month paricd
2008 Zesland Br47-400 REZ11-5240 UDF, Terasol, Bosing | 507 jatropha
20 July 2011 Firnai A3l
Jan | Continental CF LIOP, Terasal, Sapphi 47 5% fam -Helsrkd - : e
an orntinenta . ierasol, Sapphire .
L Br37-B00 Imternaticnal : L jatropha, 21 lulv 2011 Faxica Cit
2004 Airlines CFM56-78 Energy, Boeing 2.5% algae .thmlflj]lra o axioa Ly Itarjet A3zn Jamopha
. P 42% camelina, 1 At 201 1 . First bicfual
lan Japan Pratt & Whitney | Mikki Universals UOP, . ; . Aarobd exico BrFT larapha T
2000 | Airlines | 747300 | U iropsRaGz | Sustsinable Oils, Bosing ?-;";“ui”;”"“% Maxico City - Madiid transailantic flight
- gae 3 Olciober 201 1 . .
D badvid - Barcslona Ibaria A310 Camedina
znf::! KLhA Br47-400 GE GE, Honeywell IUOP | 50 camelina )
& Driober 201 1 Thomsan | B757 Usad Coaking Ol
Naw TAM CFM . Bimningham - Amecifa
2010 Airli A3zo International Lop 50% jatropha
= e 13 October 2011 Arfanca | Aazl Usod Cooking 0l | Flight usad S0%
Interjet A3zo - - ! 279% jatropha
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\\ I Recent and Active Biofuel Projects

| EE VA /LanzaTech Inaugural Chinese First Boeing delivery
-

collabogagign ~ = biofuel flight biofuel flight
o, USP . -
e .

North America
commercial flights

MOU Hawaii

Qiiteomes GRUPO DE PESQUISA EM
— BIOENERGIA
STAN approval Universidade de S3o Paulo | Instituto de Energia e Ambiente

*SAFUG
established

= 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.

CO; Emissions

Sustainable Fuels

2005 Carbon Neutral Timeline

2050

Figure 19 Aviation actions to reduce CO;. Source: Boeing apud Lyons, 2012.
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%

Distribution
at airports

Figure 11 Comparative Life Cycle Analysis (LCA) for CO; emissions using kerosene
(left) and biofuels (right). Source: ATAG, 2011.



Portal Brasil

Perguntas frequentes

VOCE ESTA AQUI:  PAGINA INICIAL = INFRAESTRUTURA = 2017 = 02 > RENOVABIO VAl EXPANDIR PRODUGAC DE BIOCOMBUSTIVEL NO PAIS

Ultimas noticias INFRAESTRUTURA

Portal Planalto

Navegue por Estados RenovaBio vai expandir
Do producio de biocombustivel no

Pais
ASSUNTOS
Energia
Cidadania e
Justica Programa também vai ajudar no processo de reducéoe de 43% das
i emissdes de gases de efeito estufa até 2030
Ciéncia e
Tecnologia

http://www.brasil.gov.br/infraestrutura/2017/02/renovabio-vai-
expandir-producao-de-biocombustivel-no-pais

Incentivar a producgao eficiente de

biocombustiveis (base em ACV)
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Portal Brasil

Perguntas frequentes

VOCE ESTA AQUI: PAGINA INICIAL > INFRAESTRUTURA > 2017 = 02 = RENOVABIO WA| EXPANDIR PRODUCAC DE BIOCOMBUSTIVEL NO PAIS

Ultimas noticias INFRAESTRUTURA

Portal Planalto

Navegue por Estados RenovaBio vai expandir
Trezto s producao de biocombustivel no

Pais
ASSUNTOS
Energia
Cidadania e
Justiga Programa tambéem vai ajudar no pi

emisstes de gases de efeito estufi

Ciéncia e Senadon0t|C|as

Tecnologia

Todas Politica Economia Social Administracao Tecnologia  Justica Infraest

http://www.brasil.gov.br/infraestrutura/2017/02/renovabio-vai-
expandir-producao-de-biocombustivel-no-pais

8° Férum Mundial da Agua 30 anos da Constituigdo Informatérias Jornal Radio TV Fo

Home Matérias Sangdes/Vetos Meio Ambiente  Infraestrutura Agricultura Social Tecnologia Economia

Sancionada, com vetos, lei que cria
RenovaBio

Paola Lima | 27/12/2017, 17h51 - ATUALIZADO EM 08/01/2018, 16h22 f Yy 3+ @

https://www12.senado.leg.br/noticias/materias/2017/12/27/sancion
ada-com-vetos-lei-que-cria-renovabio
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Pesquisa

e Renovacalc — metodologia para calculo dos CBIO’s

e ANP — Lista das distribuidoras e dos CBIO’s de cada
uma (reducdao media 10,1%)

e Atualizar — como ficaram as metas apos a reducao
do MME?
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Bioenergy Sustainability




BIOENERGY CONTRIBUTING TO ACHIEVE SUSTAINABLE
DEVELOPMENT GOALS

NO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY AND WELL-BEING EDUCATION EQUALITY AND SANITATION

Rl

DECENT WORK AND : 1 REDUCED
ECONOMIC GROWTH INEQUALITIES

i

1 CLIMATE 1 LIFE 1 PEACE, JUSTICE PARTNERSHIPS e
ACTION BELOW WATER AN[} ﬁ{ﬁ‘.’u"ﬁs FOR THE GOALS @
= SUSTAINABLE
@ DEVELOPMENT
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 opportunities 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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Figure 5. lobs in Renewable Energy
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Employment far large-scale hydrogovwer nob ingluded.

REN21, 2018
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Biomass and Bioenergy —
Volume 91, August 2016, Pages 116-125 =t

ELSI R -
Research paper

Accelerated growth of the sugarcane, sugar, and ethanol
sectors in Brazil (2000-2008): Effects on municipal gross
domestic product per capita in the south-central region

Marcia Azanha Ferraz Dias de Moraes® # - 8 Mirian Rumenos Piedade Bacchi®, Carlos Eduardo

Caldarelli®
+ Show more

*Research funded by the Fundagdo de Amparo a Pesquisa do Estado de Sdo Paulo (FAPESP, Sao

Paulo Research Foundation; Grant no. 2013/14005-4)
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Natural Resource Management and Policy
Series Editors: David Zilberman - Renan Goetz - Alberto Garrido

Marcia Azanha Ferraz Dias de Moraes
David Zilberman

Production of
Ethanol from

Sugarcane in Brazil

From State Intervention to a Free Market

@ Springer
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Project main results

) B

ESALQ-USP E_SX__

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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Source: World Watch Institute (2006) e Macedo et al. (2008).
Elaboration: UNICA
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' Avoided carbon emissions with gasoline BIOENERGIA
" USP rep/acement by ethano/ Unversiad e S0 P sk deEnerga  Anbiere

Matéria-prima Emissoes evitadas
Cana-de-acucar 89%

Milho -30% a 38%

Trigo 19%a 47%
Beterraba 35% a 56%
Mandioca 63%

Residuos ligno-celulosicos* _

* 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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' e Brazil - Hydrous (sugarcane) ethanol and gasoline (net) pr/cesmommﬁm

-" USP comparison (1976-2016) Unversidde d i P st e veae Anbie
Lz.u.

Mydrous ethanol and gasoline net prices comparison (1976-2006)
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9T IBEr ISE 1930 1FFh 00 00RO Q00D IGE

Source: J Goldemberg, P Guardabassi (IEE/USP).
Personal Communication (2017)



Ethanol-Sugar Mills Location in Brazil

5 In Brazil thers are two sugarcane areas:
§ « in the North-Northeast at about 12% of
~

the production area of sugarcane
« and the Center-South with the
remaining £8%

| - -~
e L
o N
M In the Center-South, the harvest takes placs
| W from April to December

b LU

The North-Northeast harvest begins n
September, ending the following year in March.

--’A
unicA

>

GRUPO DE PESQUISA EM
udl BIOENERGIA

Universidade de S0 Paulo | Insttutn de Energia e Ambiente

2016/17 season

R

N-Northeast :
44,7 MM t cane

Center-South:

S 607,1 MM t cane

No irrigation
Ferti-irrigation w/
vinasse
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Water Resources & Bioenergy

* Water Quantity
* Water consumption on ethanol from sugarcane
* Progress on efficiency

e Water Quality
e Ethanol from sugarcane

* Energy from urban and rural residues — sinergies with
basic sanitation and water quality
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Water use in sugarcane ethanol productionwesssssw|uisismcinet
Industrial phase

Average reduction on water use rate (catchment)
1997: 5 m3 /t sugarcane

2004: 1.83 m3/t sugarcane
2013/14: 1.18 m3/tc
2016/17: 0.91 m3/tc (some mills less than 0.7 m3/tc)
2015 — Cetesb - 0.85 m3/tc - mandatory in Sao Paulo
Water recycling
Higher efficiency in water treatment/recycling: 98%
Sugarcane dry cleaning process (no water)

Mechanical harvesting of grééfi-¢ari&="1ittle need for
cleaning



DECREASE WATER CATCHMENT EPESQUISA i
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Trend curve of the water catchment rate in the sugar cane industry. el
20 -
g = Management of Water
E .
B Resources in the Sugarcane
£« N Agro-Indust
£ \\\ g ry
E o \ ‘e ol Profocd, 2014 |
5 . ~ e
: - \\ s % ——
4 —— \ i i
: T ———%

Source: adapted from ELLA NETO, A et al., 2008 — Manual 4= Consenvacdo 2 reuso de .!".gua na Agroindisiria Sucroenergetica . UNICA, FIESP, CTC e ANA

* The water catchment, which had been 15-20 m3 per ton of cane about four decades ago,
has been minimized with the closing of the water systems to reuse.

* On average, the water catchment for industry, is about 2 m3 / ton of cane (data from
2005)

* The self imposed target is 1 m3 per ton of cane

| A

Workshop on “Examples of Positive Bioenergy and Water Relationships™
Andre ERR R Royal Swedish Academy of Agriculiure and Science (KSLA) 174
Environmental and Water Resources Consultant Stockh DI'TI. 25‘26 AU gust 2']1 5
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- 'E Management of Water Resources in the Sugarcane PIA
@ p Ambiente

b Agro-Industry

Strateqy: minimum water catchment and zero discharge
« reduction of use and practice of water reuse

* closed circuit Zwerags Distribution of Water Uses In Sugar
« wastewater for farming

| Catchment (m¥/t.cane)

Consumption (m¥t.cana) 1.0

. o 3 . .
Wastewater for river (m*t.cana) zero Average use= 22 m°/t.cana (in mill)

There are mills that water catchment
=m with lower rates (< 0.7 m* / t cane)

S—— =
\g———"‘ unicA

175




\\I GRUPO DE PESQUISA EN

~ IEE . . IS BIOENERGIA

v,"USP Water use in sugarcane ethanol productionwesssssw|uisismcinet
Agricultural phase

a) Noirrigation (98.4% of sugarcane crops =
fertirrigation with vinasse — ANA, 2017)
b) No water discharge
c) Vinasse (by-product from ethanol distillation, 8-12
L/L of ethanol)
e Current use: fertirrigation

e Current trends: vinasse biodigestion - energy
production

http://arquivos.ana.gov.br/institucional/spr/ LevantamentoCanalrrigada posCE_CEDOC SemISBN2.pdf
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http://arquivos.ana.gov.br/institucional/spr/_LevantamentoCanaIrrigada_posCE_CEDOC_SemISBN2.pdf

Water use in sugarcane ethanol production

, GRUPO DE PESQUISA EM
Agricultural phase BIOENERGI A

acsidale de Sao Paulo | Intituto de Energia e Ambiente

Irrigation with effluents

“Rescue” irrigation (*):
To plant sugarcane 80-120 mm
To ratoon cane 40-60 mm

Productivity average gains {*):
Sugaroane plant 12 fo 20%
Ratoon cane 8 fo 12%

Reuse: reduces the need for new uptake fo%anon

.GAPEIFEALQ Piracicaba, 04007/2003

Workshop on “Examples of Positive Bicenergy and Water Relationships™
Royal Swedish Academy of Agriculture and Science (KSLA)
Stockholm, 25-26 August 2015
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Bioenergy & Water quality (1/2)

1. Water quality in

ethanol sector
a) No water discharged

b) Vinasse (by product from
ethanol distillation)

* Used for fertirrigation

e Current trends: vinasse
biodigestion - energy production
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Water quality in sugarcane ethanol production GRUPO DE PESQUISA
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Environmental Sao Paulo State regulation - CETESB/SP P4.231 — vinasse ferti-

irrigation control

Monitoring of underground water

Control of the vinasse disposed in the soil (depending on potassium

concentration in soil)

165

VINHACA — CRITERIOS E PROCEDIMENTOS
PARA APLICACAO NO SOLO AGRICOLA

P4.231

Dez/2006
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. Vinasse anaerobic digestion for energy conversion Stk begaciine
GEO ENERGETICA — PARANA STATE

Filter cake, tops and leaves, vinasse
2012 - Start-up - 4 MW

Expansion —16 MW
http://www.geoenergetica.com.br/perfil.php
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Sewage
stations

Rural residues
Animal residues

Sugarcane
vinasse

Reator para digestdo da vinhaga na Usina San Martinha

Landfills

Agro industries




Biogas from vinasse potential in Sertaozinho region

lEI ; Cruz das
- Usina Santa Inés Boscas
* Produc3o 52.000 m%ano

Usina Santa Elisa

G ‘ 3
Produg.;ao. 135.000 m3/ano Usina Santo Antdnio

splm- Producdo 91.000 m3/ano

Usina Sao Francisco
Producdo 33.000 m3/ano

Sertdozinho

(283)

Total 365,000 m?¥year -
s ,  Usina Tanabi Fonte: Anudrio Energia, 201

Producdo 54.000m%*ano

SP-322

Gipéﬁne 43.8km

Ign—nnrﬂi Riheirdn Drotal &

Gooale

N



' IEE Biomethane & Independence on diesel imports

‘s Biomethane from vinasse — possible replacement of 59.7% of
diesel consumption in SP

Independéncia na Importacao de Diesel

O biometano pode garantir a independéncia da importagdo de diesel do Brasil.

Usinas e Consumo de diesel no Brasil | milL  Potencial

Capacidade de geracao de:

......

_ Diesel equiv. Organofértil
- 35bidel 94 mm
ton

50 Km 100 km 150 km 200 km
Raio das usinas

A produgdo de biometano € capaz de zerar toda 2 importag3o de diesel
brasileira e reduzir a dependéncia energética de um produto fossil

A produgdo de adubo organico equivale a S vezes o consumo brasileiro de
fertilizante quimico e 2 4,5 vezes o total de volume importado

DATAGRO @ =

Source: Nastari, P. (2016). Workshop on Perspectives of the biomethane contribution to increase NG offer. September 14, 2016.
GBIO/RCGI/USP
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Water quality (2/2) — Sinergies with Basic
Sanitation

2. Urban residues - MSW

* Furnas Electric Co. (Minas
Gerais State)

* Municipalities around the lake

* Inadequate disposal of MSW —
contamination of waters
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Water quality (2/2)
Sinergies with Basic
Sanitation

\.._{' ) y

Localizagdo de Boa Esperanga em Minas Gerass
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Water quality (2/2) — Sinergies with Basic

Sanitation

2. Urban residues - MSW

* Furnas Electric Co.
(Minas Gerais State)

* Waste to energy
plant — Municipality
of Boa Esperanca

* 1 MWe - MSW
gasification plant
(syngas to power)

* Brazilian technology
— CARBOGAS
fluidized bed
gasifier

TROCADORES DE CALOR

"\ $ILO DE CALCARIO

REATOR DE LEITO
FLUIDIZADO CIRCULANTE

bk _VALVULAS DE ALIMENTACAO

| Z IR

| -
al

SISTEMA DE LIMPEZA DOS GASES

PLENUN

S~ EXTRACAO DE CINZAS
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Water quality (2/2) — Sinergies with Basic

Sanitation

3. Rural residues

 Small farmers — inadequate
disposal of animal waste

* Possible contamination of rivers

and lakes — Iguassu falls

* |taipu Electric Co — Ajuricaba Basin

Local Farmers (swin and cow
producers)

Biodigestion plants
Biogas for electricity production
Biogas for cooking

2017 - Tests of biogas in light and

heavy vehicles

https://www.google.com.br/maps/

‘ SAO0 PAULO
Paraguai ) ‘ Campinas
i arnga . ondrina 0

Sao Paulo

\oAssuncao

CATARINA Bl

R10 GRANDE
DO SUL #Caxias do Sul

Porto Alegre
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Source: Ajuricaba Project — Visit Suani Coelho (2017)
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Biofuels x Air pollution - Energy use of tops and leaves

Phase out of sugarcane burning in Brazil (SP, Center West)

20%
30%
40%
50%
60%
70%
80%
90%
100%

Fragao Colhida Sem Queima

Sugarcane burning reduction - SP

N\

\- Lei11241/02

N

N\
B S ——

T Protocolo
| | Agroam biental \

A

2006

2011 2016

Ano Calendario

Other states — similar legislation — ex. Mato Grosso - 2024

2017 - 98% of the sugarcane
mills already harvest cane
without burning




\\l Renewable energy from biomass Pt

SUIEE - . BIOENERGIA
s, U5 Bioelectricity from sugarcane reSidues swesnimasmis

651,8 milhdes t
(safra 2015/16)

In 2016

U 378 sugarcane mills
U 44% - electricity surplus - 166 mills
U 56% selfproducers: 212 mills

Source: EPE e UNICA (2017).
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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.

llulosic Ethanol Process

-
ﬁ PLANT FIBER

~

Power Generation

6 I

CELLULOSIC ETHANOL

FUEL TECH!

ELECTRICITY

Cane residues for 2G Ethanol
Raizen Group — Sao Paulo

roi3en

RENEWABLE ENERGY TECHNOLOGY

First generation ethancl

Second generation ethanol

Power cogeneration

TECHNOLOGY PARTNERSHPS

INTEGRATED PROCESS

Second generation ethanol
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SOCIETY AND PRODUCTS AND
SUSTAINABILITY SERVICES

Renewable energy technology

0 0=

As a pioneer in second generation ethanol, or cellulosic ethanol,
production technology, Raizen is committed to developing the energy of
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.
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Brazl 851
Arable land 3548
1. Total cultivated area 84,2
Soy 33,2
Corn 15.2
Grains 10,1
Citrus 9.3
@ar cane 8.6 I Ethanol =4.3
Forestry production 7.8 MM ha
2. Grasslands 168.,0
| 3. Available area (degraded) 140,0 I cattle

Source: (Escobar, 2016). Based on (IBGE, 2016); (FEAP, 2016);
(FUNDECITRUS, 2016); (CONAB, 2016a); (CONAB, 2016b).
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Deforestation by type of crop in Brazil
2%

= Deforestation
agricultural
expansion

33% :
Deforestation

livestock expansion

W Deforestation
forestry expansion

Source: (Escobar, 2016). Based on (IBGE, 2015)
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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



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

108 million hectares 169 million heats of cattle 1,56 (SP - 2008)

( Biofuels
64 million hectares will be available !

Food >
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/oneamento Agro-ecologico da
Cana

W AREA CORRESPONDENTE A AMAZONIA,
PANTANAL E ALTO RIO PARAGUALI

AREAS COM | 92,5%
RESTRICAO | 789,8 MILHOES/HA

AREA ‘ 7.5
PROPICIA 64,7 MILHOES/HA

7,8 milhoes ce - S BRER
hectares é a area B

atualmente cultivada com

cana-

572
foi a
em 2

63(
éap
para

I Adequada -~ 3.900.855

[ Adequada com limitagdes
ambientais ~ 8.614.161
Adequada com restrigdes
ambientais ~ 5.546.510

B Inadequada ~ 6.741.748



1440 - B (ILUC found in this review
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Ethanol Ethanol from Biodiesel Other pathways
from corn sugarcane from soy (IFPRI)
Figure 2 - 2 Graphical representation of the emissions caused by (IJLUC, 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 Eneray Directive (REDY have bean added.
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Teses recentes

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

* Ana Cristina Guimaraes Donke. Avaliacao do
desempenho ambiental e energético na producao de
etanol de cana, milho e sorgo em uma unidade
integrada pela abordagem de ciclo de vida. Evaluation
of environmental and energetic performance in
ethanol production from sugarcane, corn and
sorghum in an integrated mill using LCA. Dissertacao
de mestrado (Master thesis). PPGE/IEE/USP. 2016.
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Bioenergy &
Sustainability:
bridging the gaps A FAPESP

FONTET) Y

Glaucia Mendes Souza

Reynaldo L. Viciona
Carios A. Joly
Luciana M. Verdade

2013
http://bioenfapesp.org/scopebioenergy/images/chapters/

bioenergy sustainability scope.pdf
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Muhammad Tahir Khan
Imtiaz Ahmed Khan Editors

Sugarcane
Biofuels

Status, Potential, and Prospects of the
Sweet Crop to Fuel the World

%) Spring
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