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Application of sustainability indicators of the Global
Bioenergy Partnership (GBEP) in sugar/ethanol mills

In the State of Sao Paulo, Brazil
(2014-2016 — CENBIO/IEE/USP)

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

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

Coordination: Suani T. Coelho
(CENBIO/IEE/USP)

Collaboration: J. Goldemberg (USP), C.

Cerri, C.A. Cerri, Marcia Azanha
(ESALQ/USP), O. Lucon
(USP/SMA/Cetesb)

Fig. 3.12 Mechanical harvesting of green cane. (Photo courtesy of Agricef Solugdes Tecnologicas
Para Agricultura Lida, Brazil; reprinted with permission)
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Activities

Definition of sugarcane mills (finished)
Survey maps and database on the geographical distribution of plants

and production areas;
° Selection of sugarcane mills - Piracicaba, SP;
Selection of sugarcane mills - Aracatuba/Pontal do Paranapanema.

Data assessment for each mills/local field survey (2014-2015);
Term of Confidenciality signed (Feb 2015)

Application of the indicators (under development)
Presentation — GBEP — Rome Nov 2014

Comparison with indicators for Brazil and Sao Paulo
Workshops to discuss the results with stakeholders (intermediate

and final workshop)
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The development of this Project has the support and contribution of the following
partners until now, following the invitation of Project Coordination:

e (Odebrecht Agroindustrial;
e Raizen;
e UNICA - Unido da Industria de Cana-de-Ac¢ucar;

For the development of the technical activities, according to the initial proposal, the
following groups have started their activities

e Delta CO, - Sustentabilidade Ambiental (Prof Carlos Cerri, Prof C. Eduardo Cerri,
PhD Cindy Silva Moreira and Eng. Priscila Aparecida Alves);

e Escola Superior de Agricultura Luiz de Queiroz” - ESALQ/USP (PhD Marcia Azanha F.
D. Moraes and MSc candidate Leandro Gilio)

Delta CO, and ESALQ partners are contributing to the indicators of environmental
and social sustainability, respectively.

Odebrecht and Raizen: select the ethanol plants for technical visits and data
collection and with the technical data referred on recent harvesting seasons
(2012/2013 and 2013/2014).
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General Information: Introduction

Expansion of sugarcane: percentage of occupied area by the cultivation of
sugarcane temporary crops in Brazilian cities

2005 2011
*
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Legenda:
1< 15%;

I 15% - 30%;
B 30% - 50%);

Bl >50%.

Source: GILIO (2015)
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GBEP’s work on sustainability indicators was developed under the following three pillars,

noting interlinkages between them:

Environmental

. Lifecycle GHG emissions

Social

Economic

9. Allocation and tenure of land
for new bioenergy production

17. Productivity

. Soil quality

. Harvest levels of wood

resources

10. Price and supply of a national
food basket

11. Change in income

18. Net energy balance

19. Gross value added

. Emissions of non-GHG air

pollutants, including air
toxics

12. Jobs in the bicenergy sector

20. Change in consumption of
fossil fuels and traditional use
of biomass

. Water use and efficiency

13. Change in unpaid time spent
by women and children
collecting biomass

21. Training and requalification of
the workforce

. Water quality

14. Bioenergy used to expand
access to modern energy
services

22. Energy diversity

. Biological diversity in the
landscape

15. Change in mortality and
burden of disease attrbutable
to indoor smoke

23. Infrastructure and logistics for
distribution of bioenergy

. Land use and land-use
change related to bioenergy

feedstock production

16. Incidence of occupational
injury, illness and fatalities

24. Capacity and flexibility of use
of bicenergy
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Region Traditional area Recent expansion
area
Production unity (mills) Ui U2 U3 Ug
Crop year 12/13 13/14  12/13  13/14 12/13 13/14 12/13 13/14

Environmental indicator
General informations about productivity, areas, etc
1. GHG lifecycle emission
2. Soil quality
4. Emissions of non-GHG pollutants

5. Water use and efficiency

ol -

8. LU and LUC related to Bioenergy feedstock
production
INSUTTICI

" In progress
- sufficient
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1. Reduction of GHG emissions

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

0% . .
e
-40%

-60%
-80%

- 0
1 00 /ﬂ I | S
Grains ethanol | Beetethanol ! Sugarcane ethanol
(EUA/UE) (UE) (Brasil)

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



Example of GHG lifecycle emission on ethanol production
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http://www.iclipart.com/download.php?iid=252224&submit=&keys=factory&notkeys=&start=180&andor=AND&colour=&s1=&s2=&release1=&release2=&previewcheck=&cat=All&type=&rows=5&jump=0&period=&collection=&tl=clipart
http://www.iclipart.com/search.php?x=97&y=9&keys=176094&andor=AND&cat=All&tl=clipart&id=111_10_3_17
http://www.iclipart.com/search.php?x=97&y=9&keys=176094&andor=AND&cat=All&tl=clipart&id=111_10_3_17
http://www.iclipart.com/search.php?x=97&y=9&keys=176094&andor=AND&cat=All&tl=clipart&id=111_10_3_17
http://www.iclipart.com/search.php?x=97&y=9&keys=176094&andor=AND&cat=All&tl=clipart&id=111_10_3_17
http://logos.simpleplants.com/Weather-Seasons/pages/Weather-Seasons-Cloud_07.php
http://logos.simpleplants.com/Weather-Seasons/pages/Weather-Seasons-Cloud_07.php
http://logos.simpleplants.com/Weather-Seasons/pages/Weather-Seasons-Cloud_07.php
http://images.google.com.br/imgres?imgurl=http://www.ahs.albany.k12.ny.us/ahs/depts/library/summer_clipart_sun.gif&imgrefurl=http://www.ahs.albany.k12.ny.us/ahs/depts/library/index.html&h=200&w=200&sz=7&hl=pt-BR&start=7&tbnid=TdrbkdzAuIfxDM:&tbnh=104&tbnw=104&prev=/images?q=clipart+sun&svnum=10&hl=pt-BR&lr=
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5. Water use in sugarcane ethanol

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

Industrial processes:
- reduction on water consumption (SP):

1997: 5 m3 /t sugarcane
2004:1.83 m3/t sugarcane

2013/14: 1,18 m3/tc
2014/15: 1 m3/tc (some mills 0.7)

- 2015 — Cetesb - 0.85 m3/t sugarcane

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

- mechanical harvesting of green cane - no cleaning



8. LUC - Evolution of the pasture area in the State of

Sao Paulo

Cattle
(million heads) 13,15 13,46 13,76 13,77 14,07 13,75

Pastures

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

(heads of
cattle/ha) 1,28 1,33 1,36 1,36 1,41 1,42

12,20

9,12

1,34

11,95

7,64

1,56

Trend for more intensive use

Source: Secretaria de Estado de Agricultura. Elaboration: Cenbio
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~ Global Bigenergy Partnershi GBEP’s work on sustainability indicators was developed under the following three pillars,
noting interlinkages between them:

Environmental | Social Economic

9. Allocation and tenure of land
for new bioenergy production

10. Price and supply of a national
food basket

1. Lifecycle GHG emissions 17. Productivity

2. Soil quality 18. Net energy balance

3. Harvest levels of wood
resources

4. Emissions of non-GHG air 20. Change in consumption of
pollutants, including air 12. Jobs in the bicenergy sector fossil fuels and traditional use
toxics of biomass

11. Change in income 19. Gross value added

13. Change in unpaid time spent

5. Water use and efficiency by women and children e T

collecting biomass the workforce
14. Bioenergy used to expand
6. Water quality access to modern energy 22. Energy diversity

sernvices

15. Change in mortality and
burden of disease attrbutable
to indoor smoke

7. Biological diversity in the
landscape

23. Infrastructure and logistics for
distribution of bioenergy

8. Land use and land-use
change related to bioenergy
feedstock production

16. Incidence of occupational 24. Capacity and flexibility of use
injury, illness and fatalities of bicenergy
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General Information: Introduction

Post-deregulation period: Sugarcane suplier figures
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Sugarcane suppliers currently account for approximately 40% of all sugarcane
processed for the production of sugar and ethanol in Brazil
Source: MAPA (2012)
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Indicator 9. Allocation and tenure of land for new bioenergy production

preliminary findings

The land ownership is regulated by Brazilian law and Sao
Paulo (state studied) is effective with respect to guarantees
to landowners

The evaluated plants require its suppliers to respect the
laws in force through contracts

Source: GILIO (2015)
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Indicator 10. Price and supply of a national food basket

Average of price index for the main agricultural food products produced in Sao

Paulo vs expansion of sugarcane area for sugarcane industry

180

160
140
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100
80
60

Index

a0 e
20

2008 2009 2010 2011 2012 2013

I Sugarcane production area for the industry (1000 hectares)

—@—Sugarcane (Price Index - 2008=100}

—m— Average (agricultural food products - Price Index - 2008=100)
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Source: CEPEA/USP(2015); IEA (2015)

It is not possible to verify a direct relationship of expansion

of bioenergy and food price increase
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Indicator 11. Change in income

Wages paid for employment in the sugarcane sector in relation to the average
of the sector (R$)

2000,00 -
1800,00 +
1600,00
1400,00
1200,00 -
1000,00 -
800,00 -

600,00 — 7 T T T e

2009 2010 2011 2012 2013

mmm Average wage sugarcane industry(traditional areas - SP)

mm Average wage sugarcane industry (Expansion Regions - SP}

s Agricultural Average wages (Sao Paulo)

It is not possible to verify a direct relationship of expansion

of bioenergy and food price increase

Source: IEA/CAT (2015) and primary data from sugarcane industry for GBEP (2015)
* Deflated Data (R$) - base year: 2014.



Jriversidade de Sao Paulo | Instituto de Energia e Ambiente

Indicator 12. Jobs in the bioenergy sector

Sao Paulo: Data from the Sugarcane Industry (SP) — General Share (2013)

Traditional Area Expansion Area

Management / administrati

L Agricultural _
gricultural

Source: primary data from sugarcane industry for GBEP (2015)



de Sao Paulo | Instituto de Energia e Ambiente

Indicator 14. Bioenergy used to expand access to modern energy services

Brazilian Electric Energy Matrix: participation of different sources

® Hydro

] Biomass™**

® Wind

® Natural Gas

m Qil Products

® Nuclear

m Coal and Coal Products

Source: Prepared from MME data (2014)
*** Includes wood, bagasse, bleach and other recoveries
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Indicator 14. Bioenergy used to expand access to modern energy services
Generation of Bioelectricity from Sugarcane (1000GWA)

20 -~
18 -
16
14 -
12 -
10 -

LLLE

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

ON P OO ®
1

B Plant Internal Consumption M Sales to the National Power Grid

Source: Souza, Z. (2015)

2014: Sugarcane Bioelectricity accounts for 4% (19,400 GWh) of national
consumption. Potencial (straw + bagasse): 27% (Souza, Z. 2015)

The cogeneration has the potential to provide energy to rural areas which are

deficient in modern services.
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GBEP’s work on sustainability indicators was developed under the following three pillars,

noting interlinkages between them:

Environmental

Social |

Economic |

1. Lifecycle GHG emissions

9. Allocation and tenure of land
for new bioenergy production

17. Productivity

2. Soil quality

3. Harvest levels of wood
resources

10. Price and supply of a nationa
food basket

11. Change in income

18. Net energy balance

19. Gross value added

4. Emissions of non-GHG air
pollutants, including air
toxics

12. Jobs in the bicenergy sector

20. Change in consumption of
fossil fuels and traditional use
of biomass

5. Water use and efficiency

13. Change in unpaid time spent
by women and children
collecting biomass

21. Training and requalification of
the workforce

6. Water quality

14. Bioenergy used to expand
access to modern energy
services

22. Energy diversity

7. Biological diversity in the
landscape

15. Change in mortality and
burden of disease attnbutable
to indoor smoke

23. Infrastructure and logistics for
distribution of bioenergy

8. Land use and land-use
change related to bioenergy
feedstock production

16. Incidence of occupational
injury, illness and fatalities

24. Capacity and flexibility of use
of bicenergy
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"] m17. Ethanol productivity
1 | III (liters per hectare)
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Sugarcane ethanol in Brazil

Source: Rodrigues, Unicamp .2005
Growth rate 3.8% per year
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18. Ethanol Energy Balance

2 T4
0_

Sugarcane Wheat Sugar beets Corn

Source: World Watch Institute (2006) e Macedo et al. (2008).
Elaboration: UNICA



> — (SAFRA 2013/2014)

anma 3. Custos de produgdo de cana de aglicar

SCRICAO ___— Tradicional

Matéria-prima 7952

Expansao

COE 59,28

80,15
57,95

Cana de fornecedores 27,51 18,56
COE cana propria 31,77 39,39
Depreciagdes 11,77 15,41
Remuneracéo do capital e terra 8,48 6,79
Industrial 26,09 26,26
Operacéo industrial 13,47 12,82
Deprec. 3,88 4,14
Custo de Capital 8,74 9,31
Administrativo 9,36 7,70
Custo Total _— 114,97

~—

114,1>

Os custos de produgdo na regido Tradicional superam os
custos da regido Expansdo, algo ndo esperado quando séo
: comparados os indicadores agricolas e industriais de ambas
Fonte: PECEG E/ ESA LQ/ USP, 2015 as regides. A explicacdo para isso é o elevado custo da terra
na regido Tradicional, que acaba por mais que compensar
0s ganhos de eficiéncia obtidos no campo e na baixa
ociosidade da industria (PECEGE/ESALQ/USP, 2015).



Custos, precos e margens do etanol anidro e hidratado

(SAFRA 2013/2014)

1.800 ; : :
e Custos Operacionais Efetivos
U . . (COE)
g 1200 = -  Custos Operacionais Totais (COT)
? 900 * Custo Total (CT).
£ e
5 500 * Custos desembolsaveis: COE.
e COT: COE mais as depreciagoes.
300 :
* CT = COT mais os custos de
Tradicional Expansio Tradicional Expansio oportunldade (USO do Capltal e da
ANIDRO HIDRATADO terra)
BRT+RC 22331 208.16 211,94 197.56
ODEP 203,02 252,78 192,68 239,91
OCOE 1.054.27 1.018,04 989,70 954,88
COT 125730 e 1182 30 1.194,79
—C1 1.480.61 1.478.98 1.394,33 1.392,35
< —Preco 1.342,36 1.367,38 1.226.26 1.220,73 >
Margem -9.3% -7.5% -12.1% -12.3%

Fonte: PECEGE/ESALQ/USP, 2015
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INDICATOR 19

Tabela 2: Estimativa do Produto Interno Bruto do setor sucroenergético na safra 2013 /14,

“ Mercado Interno (MI) |Mercado Externo (ME) Total (MI + ME)

Hidratado® 12.861,31 390,65 13.451,9G
Etgnol Anicnob B.890.08 107571 9.965.79

Nio-Energético® 654,85 - 654 85
.'\I;L'II:H.I‘! 6,926, 80 11.109 85 1R.056.65
Broeletriesdades 94,05 - 594,05
H-il:r[‘l]flﬂl.i.ﬁnf D0 210,000 EILIRLY
Levedura e Aditivos 21,20 34,13 55,33
Crédito de Carbono® - 0,27 027

30.338,29 13.020,61 43.358,90
a- Estirnanva das vendas realizadas pelos postos de eombustivel.
b- Estirmativa das vendas realizadas pelas usanas para as distnbmdoras

¢~ Estimativa das vendas realizadas pelas usinas para a inddstria de bebudas e eosméneos.

d- Estrmanva das vendas de acicar realizadas pelas usinas para ser unlzada como maténa-pnma de produtos
mdustriahzados e vendas realizadas de actear in narura pelo varejo.

e- Egtirmativa das vendas realizadas pelas usinas.

[~ Estirnativa das vendas de bioplistieo produzdo a partie de etanol de cana de aciear.

&~ Estrmativa das vendas realizadas pelas usinas para a inddstria de racio animal

h- Estmativa dos projetos no mercado de crédito de carbono realizadas pelas usinas.

Fonte: Elaborada pela Markestrat a parnr de diversas fontes.

de Sau Paulo | Instituto de Energia e Ambiente

= 2% Brazil (2013)

GDP sector = PIB setor



http://www.unica.com.br/download.php?idSecao=17&id=25818107
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21. Requalification - social impacts from mechanized
harvesting

Reduction on the number of jobs in compliance with the elimination of
burning.

Since 2007 Unica associates retrained more than 5,000 people.

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

e 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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; 23. Infrastructure and logistic
Ethanol distribution system

Rodoviario g e

s CENTRO COLETOR ou

Base de Distribuicdo Rodoviario
Aprox. 10 Ferroviario § e
Dutoviario BASE DE
Rodovirio Direto para a Base Fluvial DISTRIBUICAD Figura 5 - Infra-estrutura logistica da Petrobras

=SS —————

USINA

=300 unidades no pais ——— ol RS LT
- G A
{

REVENDEDOR B o

jjégsstlrapdoos: Onso pais (pastos) <blﬁ;ﬁ

(ANP) \(
Sao Paulo: Transportation of sugar with o Centros coletores
railcars by Rumo Logistica (Grupo Cosan, 4 Duses e Dstiibisao
the world largest independent cane a—s. Terminals Portudrios
processor, and Grupo Sao Martinho). e oades
Source: Goldemberg, Coelho, Nastari et al. Production and
Supply Logistics of Sugarcane as an Energy Feedstock. In
Wang, L. (ed), “Sustainable Bioenergy Production”, 2013.
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23. Infrastructure and logistic
Logistic - Ethanol pipelines in Sao Paulo
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MG
MS Aparecida Taboado
a Presndemeipruoeme
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Bag Jos OM, =
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O1 —_Fazenda Conquista do Pontal, Mirante do Paranapanema. Odebrecht R4 —Gaza. Andradina Raizen.
02 — Fazenda Alcidia, Teodoro Sampaio. Odebrecht.

R1—Fazenda Bom Retiro, Capivari. Raizen.

 Logum Co. was formed as
a joint venture of
Copersucar, Cosan,
Petrobras, ETH
Bioenergia, and other
independent producers.

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

 First section - linking
Ribeirao Preto to Paulinia
(later on to llha d’Agua
terminal in Rio de Janeiro)
- commissioned in March
2013.

Source: Goldemberg, Coelho, Nastari et al.
Production and Supply Logistics of
Sugarcane as an Energy Feedstock. In

Wang, L. (ed), “Sustainable Bioenergy
Production”, 2013.
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Preliminary comments

* Challenges:

e Data assessment - technical discussion to allow a good
understanding of the methodology

e Low interest from mills
e Compatibility of the data — harvesting seasons

e Allocation of indicators - three products
e Sugar
e Alcohol
o Electricity
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Allocation of impacts

- Allocation of impacts — proposed methodology

- Environmental indicators (data source: field
assessment)

- Social indicators — (data source: field
assessment; desk review for the state of Sao
Paulo/Brazil)

- Economic indicators — (data source: desk review
for the state of Sao Paulo/Brazil)



Allocation - energy basis
(energy content)

Energy equivalent % in energy equivalent
Sugar 64.416.667 kcal eq/season 38%
Ethanol 96.243.750 kcal eqg/season 56%
Electricity 10.320.000 kcal eq/season 6%
Total 170.980.417 kcal eq/season 100%

Allocation - economic basis

(prices)

Economic equivalent Porcentage
Sugar 88.191.493,06 RS/season 45%
Ethanol ~ 94.292.524,74 R$/season T 48%
Electricity = 12.066.250,00 RS/season 6%
Total 194.550.267,80 RS/season 100%

niversidade de Sao Paulo | Instituto de Energia e Ambiente

Methodology
proposed for
impacts allocation
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Fig. 3.12 Mechanical harvesting of green cane. (Photo courtesy of Agricef Solugdes Tecnologicas
Para Agricultura Lida, Brazil; reprinted with permission)
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