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Concept of sustainability: evolved considerably in the 20t century (from landscape/biodiversity
conservation in IC’s).

Population growth and higher access to goods in former undeveloped countries:
- pressures on mineral resources,

- scarcity

- environmental problems (urban air pollution and global warming).

Sustainability concerns :

- Use of resources in a more rational fashion,

- Increased efficiency

- Shifting the resources used, and

- Use of renewable resources, particularly in the case of energy. (replacement of fossil fuels.
- Liquid biofuels, in which Brazil in the United States are the main producers.

However, liquid biofuels sustainability: still seen as a controversial issue considering environmental and
social aspects.

Consensus (?) today that "bioenergy is not bad or good" but it depends on how it is produced.



CENBIO — the Brazilian Reference Center on
Biomass

e Createdin 1996

e Studies on Biofuels and Bioenergy
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Bioenergy sustainability

http://cenbio.iee.usp.br
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BIOACV Project — Life Cycle
Assessment of Biodiesel
from Soybean and Animal
Fat through Methylic and
Ethylic Routes (2013)

Funding Agency:

@ CNPq

Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico

GHG emissions for soy-based biodiesel in Brazil (methylic route) — gCO2eq/MJ

MT GO PR RS MT GO PR RS MT GO PR RS MT GO PR RS

Sem al Ccacdo massica Alocacdo energetica Alocacdo economica

M Extracdo do dleo M Produgao de biodiesel W Total

 Environmental sustainability of biodiesel in Brazil. Erica Castanheira, Renata
Grisoli, Fausto Freire, Vanessa Pecora, Suani Coelho. Energy Policy, v.
65,2014,p.680-691

* Energy for Sustainability Conference 2013 Sustainable Cities: Designing for
People and the Planet Coimbra, 8 - 10 September 2013

* EmissOes de Gases de Efeito de Estufa no Ciclo de Vida do Biodiesel de Soja
Produzido no Brasil. R.,Grisoli, A. Nogueira, E. G. Castanheira, F. Freire, G. A.
Silva, S. Coelho. lll Congresso Brasileiro em Gestdo do Ciclo de Vida de
Produtos e Servicos. 03 a 06 de setembro de 2012. Maringa — PR - Brasil



http://www.sciencedirect.com/science/article/pii/S0301421513009865
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http://www.sciencedirect.com/science/article/pii/S0301421513009865
http://www.sciencedirect.com/science/article/pii/S0301421513009865
http://www.sciencedirect.com/science/article/pii/S0301421513009865

COMPARISON OF MUNICIPAL
SOLID WASTE TECHNOLOGIES
THROUGH LCA METHODOLOGY
AS A TOOL FOR ADEQUATE
POLICIES

Suani T. Coelho, Gil Anderi da Silva,
Cristiane L. Cortez, Vanessa Pecora,
Manuel Moreno, Alex Nogueira,
Carlos Alberto da Silva,
J.Goldemberg

R&D Project CENBIO/IEE/USP/EMAE
n2 0393-00611, 2011 — 2013,
developed under the ANEEL (Brazilian
Regulatory Agency of Electric Energy)
regulation

Funded by EMAE

b * o 22nd European Blomass
«ale+ Conference ond Exhibition : 23 - 26 June 2014
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GBEP — The Global Bioenergy . G
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Partnership ’

The Global Bioenergy Partnership (co-chaired by Brazil and Italy) - FAO (Food and
Agriculture Organization) - UNEP (United Nations Environmental Program)

- 24 bioenergy sustainability indicators (environmental, social and economic),
accepted by all its member countries.

- Several countries already implementing this methodology (Europe, Africa and Latin
America) for different types of bioenergy.

Brazil - a new study is starting to be developed for sugarcane ethanol mills in
Sao Paulo State by the University of Sao Paulo, funded by the Government of
Italy/Forum of the Americas with the support of the Brazilian Federal
Government and the Secretariat for Environment of Sao Paulo.

Several certifications schemes already in place, but:

- GBEP indicators methodology seems to be a consensus among the governments
members of GBEP and

- Good experience for comparing bioenergy among the countries.
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INDICATORS FOR BIOENERGY
FIRST EDITION
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Global Bioenergy Partnership

PILLARS
GBEP's work on sustalnability Indicatars was develnped under the following three pilars,
noting Interinkages betwaen tham;

Envirenmental Soclal Ecenomic

THEMES
GEEP considers the following themes relevant, and these quided the development of Indicators under

these pilars:
Greenhouse gas emissions, Price and supply of a national Resource avallablity and wse
Productive capaciy of the land  |fiood basket, Access 1o land, water | efMclencles In bloenemy

and acosysiams, Alr qualiy, and other natural resouncas, production, conversion,

INDICATORS

G, ABocation and tenure of land

1. Liecycle GHG emisslons for new b ik 17. Productivity
0. Price and supply of a national
2. Soll qualky food baskel 18. et energy Dalance
3. Harvest levels of wood
11. Change In Income 19. Gross value atded
4. Emissions of non-GHG air 20. Change In consumption of
pollutants, Incuding air 12. Jobs In the bloenargy sector fossll fusls and fraditional use
todecs of blomass
13. Change In unpald ime spent
5. Wateruse and eMclency by women and chikdren 21'3"'—‘””"““""““”
coliecing bomass
14. Bloenergy used to expand
f. Water quallty access to modem enengy 22 Enengy diversity
Eenvices
15. Change In mortality and
7. Biological divershty In the 23. Infrasiructure and logistics for
landscape e atirbutabie) ™ memutian of bicenergy

16. Incldence of oocupatonal | 24. Capacity and Sexiplity of use
mln mllh““'ﬂ Injury, liness and fataltes of bloenergy
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 Countries already evaluating the indicators for
biofuels:

— Germany,

— The Netherlands,
— Colombia,

— Indonesia,

— Ghana and

— Jamaica.

e Brazil/S3ao Paulo — starting 2014



Biofuels Certification Iniciatives

SUSTAINABLE BIOFUELS

INTERNATIONAL GLOBAL
NATIONAL BODIES MULTISTAKEHOLDER
INITIATIVES INITIATIVES

EU Directives

IDB:: IFC: OCDE::IEA: :G8+5:: FAO : : UNEP: :ISO

RN P I
—— FAIRS _—— @
Scorecard

7 PBCB Equator Prop.
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Prepared by UNICA Atividade Agropecuaria & WWEF
V. mar09 Sugarcane WWF

Discussion Group
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QOrganization
Unidade Serra

U. Morro Vermelho
Industrial Severinia
Unid. Ind.Cruz Alta
Unidade Junqueira
Santa Cruz S/A
Unid. Dois Cérregos
Unidade Junqueira
Usina S&o Luiz S/A
Unidade Univalem
Usina Monte Alegre
Usina Rio Claro
Gasa

Tropical BioEnergia
Unidade Bonfim
Usina Iracema
Unidade Sta Elisa
Usina Alta Mogiana
Usina Guariroba
Adecoagro lvinhema
Destilaria Alcidia
Usina Itapagipe
USJS.A.

Unidade Jatai

Usina Bom Retiro
Usina Costa Pinto
Conquista do Pontal
Usina Moema.
Usina Frutal

Usina Quata

Usina Sdo Manoel
Usina Santa Adélia
Barra Gde Lengois
Zillo Lorenzeti
Equipav Mill

Usina Maracai

Group Name
Raizen Energia S/IA

Odebrecht Agroindustrial
Guarani

Guarani

Raizen Energia SIA
Santa Cruz S/A

Raizen Energia S/A

Alto Alegre

Copersucar

Raizen Energia SIA
Adecoagro

Odebrecht Agroindustrial
Raizen Energia S/IA

BP Biocombustiveis
Raizen Energia S/A
Grupo Séo Martinho
LDC SEV Bioenergia S/A
Usina Alta Mogiana S.A
Bunge

Adecoagro

Odebrecht Agroindustrial
Bunge

usJ

Raizen Energia S/A
Raizen Energia S/A
Raizen Energia SIA
Odebrecht Agroindustrial
Bunge

Bunge

Copersucar (Zilor)
Copersucar

Copersucar

Copersucar (Zilor)
Copersucar (Zilor)
Renuka do Brasil S.A.
Raizen Energia SIA
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City
Ibate
Mineiros
Severinia
Olimpia
lgarapava
Américo Bras.
Dois Cérregos
Colorado
Ourinhos
Valparaiso
Monte Belo
Cagu
Andradina
Edeia
Guariba
Iracemapolis
Sertdozinho
Séo Joaquim
Pont. Gestal
Angélica
T. Sampaio
Itapagipe
Avraras
Jatai
Capivari
Piracicaba
Paranapanema
Orindiuva
Frutal
Quata
Sé&o Manoel
Jaboticabal
Lencois Paul.
Macatuba
Promissdo
Maracai
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Application of sustainability indicators of the < e »
Global Bioenergy Partnership (GBEP) in ethanol -

mills in the State of Sao Paulo, Brazil
(2014-2016 — CENBIO/IEE/USP — Forum of the Americas)

Funding agency: Forum of the Americas (Government of Italy);

Support: UNICA/SP, Secretariat for Environment of Sao Paulo, Brazilian Federal

Government

Coordinator: Suani T. Coelho (CENBIO/USP)

Collaborators: J. Goldemberg (USP), C. Cerri, C.A. Cerri, Marcia Azanha (ESALQ/USP),

among others

Partners from Industries: importante support from industries

— Odebrecht Agro Industrial

— Grupo Raizen
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Three GBEP Sustainability Pillars

PILLARS
GEEF's work on sustainability Indicators was developed urder the folowing three pilars,
noting Interinkages between tham:

Envirenmental Soclal Econcmic

THEMES

[ -
1 . E nVI ro n m e nta I GEEP considers the following themes maua;:é:ﬂm:?quueum development of Indicators under

S stainabilit Greenhouse gas emissions, Price and supply of a naional | Resource avallablity and use
u y Productive capachy of the land  |food basket, Access to land, water | eMclencles In bioenengy
and ecasysiems, Alr qualiy, and ather natwral resaurcas, production, converslon,
Waler avallanilfy, use eMciency  |Labowr condifions, Ruraland | disirinution and end use,
andquallty, Biological diversity,  |social development, Access b | Economic development,
Land-is= change, Inciuding energy, Human heaith and safety. | Economic iabillty and
Indirect afacts. cometiivensss of Blozneny,
M M 1 Access to technology and
2. Social Sustainability cmoona capmites, Srery
security/Diversfization of saursss
and supply, Enargy
security/InasTueire and
loqistics for distizution and use.
3 E . S t . b . I . t INDICATORS
. conomicC s>ustailnabllii y 1. Utecyoe GHG emissons. | & Avocaion andfenureofiand [ oo
2. Sall qualky 10 Price ane supely o1 3N 45 Net energy halance
Not S— 3. Hanvest levels of wood 11. Changs In Income 19, Gross valus added
4. Emissions of non-GHE ar 20, Change In consumption of
. poliitantz, Inziudng 3 12 Jobs In the bloenargy sector | fossl fusis and iraditional use
applicable tocs of bomas
13. Changs In unpald ime spent
5. Water use and efclency by woman and children 21';5'""9 e
collectng bomass —irE
14. Bloenengy used o expand
6. Water quallty access b0 modem ensrgy 22. Enengy diversity
services
15. Change In morallty and
7. Blologlcal dvershy In the 23, Infrasiructure and logistics for
fandotape burden of disease afrbutaie| iRt SU8 PO

[0 Ingoor smake

S Land uss and and s 16. Incidence of occupational | 2. Capacky and fexibilty of uss

" o Deacin Injury, lliness and fatallties of bloenergy
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Reduction of GHG emissions

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

0% . :
e
-40%

-60%
-80%

-100%

I [ —
Grains ethanol Beet ethanol Sugarcane ethanol
(EUA/UE) (UE) (Brasil)

ource: IEA — International Energy Agency (2004). Elaboration: UNICA.
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Water use in sugarcane ethanol v

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

Industrial processes:
- reduction on water consumption:
1997: 5 m3 /t sugarcane
2004: 1.83 m3/t sugarcane (average in Sdo Paulo).

- water recycling.

- high efficiency in water treatment: 98%

- environmental agency requirements : less than 1 m3/t
sugarcane

- sugarcane washing process = 5m3/tc (replaced by dry
cleaning).
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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 Energy Directive (RED) have been added.



Location of the sugarcane production in Brazil
£
25 million hectares of degraded
pastures are available
RN
PB
PE
AL
I
Sugarcane

With just over 3 million hectares (1% of
arable land), we produce enough alcohol
to supply 50% of alcohol f gasoline in

Brazil. 87% ofthe sugarcane

production



Land use in Brazil (20017-2011) «

Million hectares (2007-2011)
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ARABLE LAND

CATTLE AREA)

BRAZIL 851 TOTAL % %
TOTAL ARABLE LAND 354.8
1. CULTIVATED AREAS 76.7 9.0% 21.6%
SOY 20.6 2.4% 5.8%
CORN 14.0 1.6% 3.9%
SUGARCANE 7.8-9.6 | 0.9%-1.26% 2.2%-3.08%
SUGARCANE FOR ETHANOL 0.4%-0.56% 1.0%-1.4%
ORANGE 0.9 0.1% 0.3%
2. CATTLE 172.3 20.2% 48.6%
3. AVAILABLE LAND (ARABLE
LAND — CULTIVATED LAND — 105.8 12.4% 29.8%




Evolution of the pasture area in the ",,

State of Sao Paulo
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Cattle
(million heads) 13,15 13,46 13,76 13,77 14,07

Pastures
(million hectares) 10,29 10,10 10,11 10,12 10,01
Density

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

13,75 12,20 11,95

9,71 9,12 7,64

1,42 1,34

Trend for more intensive use

Source: Secretaria de Estado de Agricultura. Elaboration: Cenbio



Evolution of the pasture area in the State
of Sao Paulo (Cont)

Cattle
(million heads) 11,00 11,37 11,15 11,08 9,84
Pastures
(million hectares) 7,77 7,86 7,43 7,41 7,14
Density
(heads of cattle/ha) 1,42 1,45 1,50 1,50 1,38
N
Trend for more intensive use

Source: Sec. Estado Agric. Instituto de Economia Agricola. Elaboration: Cenbio



Pastures in Brazil “@”

. 4
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




7% AREA CORRESPONDENTE A AMAZONIA,
7 PANTANAL E ALTO RIO PARAGUAI

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

AREA ‘ 7.5%
PROPICIA 64,7 MILHOES/HA

7,8 milhdes q
hectares é a 4rea
atualmente cultivada com
cana-de-agticar no Pais

572 mil toneladas
foi a produgéo de cana
em 2008

BOLIVIA

ARGENTINA

B Adequada -~ 3.900.855

[0 Adequada com limitagbes
ambientais ~ 8.614.161
Adequada com restrigbes
ambientais ~ 5.546.510

I [nadequada ~ 6.741.748
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Three Sustainability Issues

Environmental Sustainability

2. Social Sustainability

3.

Economic Sustainability

PILLARS
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GBEF s work on sustalnability Indicators wias developed under the following three plilars,

noting Interinkages between tham:

Envircnmental Soclal Economic
THEMES
GEEF considers the following themes relevant, and these quided the development of Indicators wunder
these plllars:
Greennouss 03s emissions, Price and supply of 3 national Resource avallablity and use

Productive capacty of the land
and scosysiams, Alr qualiy,
Water avallabilfy, use efclency

To0d Daskel, Actess 10 land, waker
and other natural resounzes,
Labour condlfions, Rural and

eMciencies In Hoenesgy
production, conversion,
distibution and end use,

and quallty, Eilogical diversity,  |social development, Accessto | Economic development,
Land-us= change, Inciuding energy, Human heafih and safety. | Economic viabillty and
Indirect eMacis. competitivensss of DiBenengy,
Access fo technology and
technologieal capabitias, Enemy
Séﬁﬂwmﬁm of sourcas
and supgly, Energy
securlty/Infrassuciure and
Ioqistics for distribution and us.
INDICATORS
5. ANocation and fenure of land
1. Liecycle GHG emisslons ot o oty | 17- Productuity
2. Sall qualty 13 Price and supply of 3 NACA3| 45 (s energy patance

3. Harvest levels of wood
resOurces

4. Emissions of non-GHE air
pollutants, Including air
todos

Tood Daskel
11. Change In Income

12. Jobs In the bloenargy sector

13. Change In unpald ime spent
Mw women and children

N.A.

collecing biomass

14 Bloenengy used to expand
o modsm energy
SEMVICES

18 Gross valus added

2{). Change In consumption of
Tossll fusls and traditional uss
of blomass

21.Tralning and requalification of
the warkfarce

22. Energy diversity

7. Edological diversiy In the

15. Change In modtaltty and
burden of disease atiributabie
bo Indoor smaoke

15. Incigence of occupational
Injury, liness and fatalies

23, INfrastructure: and logistics for
distripution of blcenangy

24_Capachy and fexibilty of use
of bloenergy
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Percentage of informal jobs in agricultural sector. ‘ )
Brazil, 2006 CES'C
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Evolution of the average income of employees in several crops.
Brazil and Sao Paulo, 2002-2006 (BRL - August 2007)

00,0 5
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2 400,0
300,0
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2002 2003 2004 2005

2006

=§= rice Banana coffee
=i CitruUS =i=CassSava ===Ccorn

ugarc :
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A ¥
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Evolution of Mechanical Havesting Sdao Paulo

State

4,50

4,00

3,50

0,78

3,00

. 2,02 2,00

. 213

2,00 [ Manual

4,02
213

&0 m Mechanized

os .

°% T essl

Harvested ares (million hactares)

Season

2002/2003 2006/2007 2007/2008 2008/2009 2012/2013

Fig. 3.12 Mechanical harvesting of green cane. (Photo courtesy of Agricef Sologoes Tecnologicas
Para Agnicoltura 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

Evolugcdao da Demanda de Trabalhadoras
para Colheita de Cana-de-agucar (SP)

—#—Postos de Trablaho

154.274

2007 2008 2009

Dados: TEM (Ministério do Trabalho e Emprego)



Social impacts from mechanized «@®»
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harvesting v

Lost of jobs in compliance with the elimination of burning.
Since 2007 Unica associates retrain more than 5,000 people.

New requalification program:
— Unica, Feraesp and companies in the production chain,

— support of the Interamerican Development Bank (IADB) - a program of training and
retraining of workers

— workers and members of the communities in six regions of Sao 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.

Renovacgdo project : 4,350 workers qualified in 2012/2013 season
(http://www.unica.com.br)
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Three GBEP Sustainability Pillars

Environmental Sustainability
Social Sustainability

Economic Sustainability

PILLARS
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GBEP s work on sustainability Indicators was devaloped under the following three pillars,

noting Inteninkages betwsen them:

Environmental | Soclal Economic
THEMES
GBEP considers the following themes relevant, and hese quided the dewvalooment of Indicators wnder
these plllars:
Ereennouss gas emissions, Prige and supply of a national Resounce avallablity and use
Productve capachty of the land | food basket, Actess {0 land, waber | eMcencles In boenergy
and acosystems, Alr quallty, and othier natural resources, poduction, conversion,

Water avallaliy, use efciency

Lalbour condidons, Rural and

disiniouwtion and end use,
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Current situation of ethanol in Brazil due —
to gasoline prices” control < ‘ »

Ethanol exports - Brazil (UNICA, 2014)
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Figura 3 = Preco relativo do etanol hidratado (razao prego etanol/preco
gasolina C)
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