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Abstract

Worldwide, few countriegn a reasonable to large development stage havenergy maitx with an
important share of renewable energy soulgesBrazil has in 2013, 46.4% of its primarydomestic
energy supply was covered by renewables, being the share of biomass sources estiatated as
28.6% of the total energy consumptigalmost3,100 PJ).Historically (despite recent drawbacks),
the most remarkable biomass experience is due to fuel ethanol production/consumizige
scale, reaching the productioh26.3 billion litres in 2013 (22.9 BL consumed in Brazil and.9 BL
exported)In 2005 Brazil started a biodiesel program and sia8&0B5 blends §% of biodiesel in
fuel blends, volume basis) are mandatory countrywide; i8,2Biodiesel consumptiowas more
than 3.0BL. Concerningethanol, Brazilhas beeran important player in tl international trade
scenario,despiterecentdrawbacks of its productiofsince 2009) On theother hand, regarding
biodieselBrazil has reacheth few yearsa positionamongthe top world producers, but barely will
be in an exporter. There are also ¢maiatsas regardolid biofuels (such pelletend despite some
plans,the existing potential will be barely developed in stterin. The lack of adequate logistics is
one the main barrier for trading biomass large scale, even in case of etharal.addition,
sustainability of biofuels/biomass production is the challenge to be faced in the years to come,
despite the fact that a significant share of ethanol production in Braamld this isalso true
regarding forest productscould be already considce sustainable.

! Mechanical Engineering Faculty and NIFEmail: awalter@fem.unicamp.bifel: ++ 55 19 3521 3283; Fax: ++ 55 19
3289 3722.
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Introduction

This is thefourth edition of Brazil's Country Report, prepared in the context of the IEA Bioenergy
Task 40 Sustainable Bienergy Trade; securing Supply and Demand. The first edition of this report
waspublishedn 2005.

Since 2005 Brazil experiencedonsolidateddrgescale biodiesel productioand is currently the
third largest producer country: the production in 28lirpassed 3.6illion litres (BL), andthat year
only Germanyand USproduced more than Braz{@n the oher handthe domestic consumptioof
fuel ethanol, thataised continuously since the launch of ffeel vehicles in March 2003, and
surpasse@6 BL in 2010 declined in 2012012 Brazil is worldwide thesecond largest producer
and has also the secoradestinternalconsumer markein both casegust after United States

Regarding solid biomass, the consumption of firewood and charcoal has been almost constant in
recent years. The consumption of pellets is stillalf that some big projectsvere annainced in
2010 and 2011but the investors gave up.

There is alssomeoptimism regarding electricity production from biomass, mainly from sugarcane
residues, that has grown since the 1990s. However, there are still barriers thdiffizalketaking
full advantage of the existing potential.

This reportis organized in eight chapters. Chapter 1 presents general information about Brazil
(geography, demography and economy), its energy matrix and data available about greenhouse gas
emissions. Energy policiesgarding biofuels/biomass production and consumption are presented in
Chapter 2.

Chapter 3assesghe biomass resources in Brazil, while Chapter 4 presents current figures and
expected future energy use of biomass.

Chapter 5 is devoted tassessbiomass prces and Chapter 7 to the analysis of barriers and
opportunities for biomass (and biofuels) exporting. Finally, Chapter 8 presents the final remarks by
the authors of this report.

Complementarynformation is presented iinnexes



1. General Information
1.1 Geography, Demography and Economy

Brazil is worldwide the fifth largest country by geographical area, and the fifth most populous
country (it surpassed®00 million people in 203); is the largest Portuguese spokaountry Is
located in South Americand occupies almost 50% ofkttegion; Brazil has boarders with all South
American countries, except Chile and Ecuador.

Figure 1.1 presensSouth Americanapsand details oB r a ztopdgéaghy. It isvorth to note that
in 2012, according tadhe World Bak (Tradin% Economic2013), 61.6% of the countr§ andarea
was still covered by forestgalmost 5200 km*, i.e., the second largest area in the wojldt after
Russian Federation).
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Figure 1.1Brazil in South America andsitopography

2 The four largest countries are Russia, Canada, China and United States; larger populated countries are China, India,
United States and Indonesia.

% Defined as land area under natural or planted stands of trees of at least 5 meters in bitu pndaictive or not, and
excludes tree stands in agriculture production systems (Trading Economics, 2011).



According to the last official demographic survey, irl@@he Brazilian populatiomeache 190.7

million inhabitants (IBGE, 201) (203 million is the estimate for December 2Q1%he average
population growth between 20Gnd 200 was estiméed as 1.1% per year and has declinéd

Brazil is divided in five geographic regions, and the population in each one is presented in Table
1.1. The five geographic regions are presented in Figdre

Table 1.1Demographic informatioi Brazil, 2010

Regon Population (1,000) Area (1,000 krf) Density (hab/krf)
North 15,8308 3,851.6 4.1
Northeast 53,023.7 1,556.0 34.1
Southeast 80,3537 927.3 86.7
South 27,4655 575.3 47.7
CentreWest 14,114.2 1,604.9 8.8
Total 1907327 8,514.9 22.4

Source: IBGE Z011)

Notes: Region I CentreWest, with three states and the Federal District (Brasilia); RegiolN@rtheast, with nine
states; Region B North, with seven statesvfiere most of the Amazon region is located); RegidgnSbutteast, with
four states; Region 6 South, with five states.

Figure 1.2 The five geographic regions in Brazil

In Latin America Brazl has the largest market awdas in 2013, according to the International
Monetary Fundjn the seventhposition among theighest countriesn the world (see Table 1.2)
(IMF, 2014). In 2013 the Brazilian GDP wasestimatedat 2,246 billion US$. Also according the

“ It has been predicted that keeping the recent tendency of population growing rates, Brazilian population in 2020 will be
stable or even start tee reduced (IBGE, 2010).



IMF, in the same yeahe Brazilian GDP based on Purchaskmwver Parity (PPP) we013 billion
US$. In 208 the GLP per capita was estimatatil1,172 US$/habitar.

Table 1.2Gross Domestic Product of the ma@vencountries in 2010 anith 2013, in US$bhillion
(current prices)

Country GDP 2010 Position 2010 GDP 2083 Position 2013
us 14527 1 16,768 1
China 5878 2 9,469 2
Japan 5459 3 4,899 3
Germany 3,286 4 3,636 4
France 2,563 5 2,807 5
UK 2,250 6 2,523 6
Brazil 2,090 7 2,246 7

Source: IMF (202)

A big issue in Brazil is income inequality (Gini Index #75n 2012") (World Bank, 2014}hat has

slowly declined due to income support progragesg., 0.606 in 199(.592 in 1995and 0.539 in

2009. The Human Development Index in120was estimateat 0.730, with a continuous trend of
improvement since B® (e.g., 0549in 1980, 0.6 in 1990and 0665in 2000 (UNDP, 2A.3).

By 200, 69% of the total GDP was due to the Services Sector, being the contribution of industries
estimated as aboutt% (being manufacturing 16%@nd of agricultureabout6%. In 20®, total
exports represented abolit% of the GDP, whilgotal imports were slightly loweiThe Economist,

2012.

The main industrial branches in Brazil are: automobile, petrochemicals, machinery, electronics,
cement, textiles, food and beverages, mining, aircraft, etc. The main products of Brazil's agriculture
are soybeans, coffee, beef, citrus, sugarcdoe, corn, cocoa, etc. Table 1pBesents the main
figures regarding foreign trade in 28) exports reached42.2 billion US$ and imports wer239.6

billion US$.

® It is worth noting that Brazil in 2009 was not ranked among the 60 countries with the highest GDP per head (both in
absolute terms and based on power purchase power) (The Economist, 2011).

® About 50% higher than China, and mahan 67 times higher than India. However, the Brazilian GDP per capita in
2013 was almost 4 times lower than the Japanese and almost 5 times lower than in US (IMF, 2014).

" The lower its value, the more equally household income is distributed. In 2G04, fBrs worldwide the tenth highest
Gini coefficient.



Table 13 Foreign trade figures (% ¢otal for the leading markets and leading suppliers)

Main exported products arii$ share Main imported products anits share
Oresi 14.%% Oil and fuels’ 19.1%

Transport materials 13.0% Mechanic equipmerit 14.9%

Soybeans and produdtsl2.8% Electric and electronic equipmentll.8%
Oil and fueli 9.2% Vehicles and parts 9.4%

Meats 6.7% Chemicals 5.5%

Chemicals 6.0% Fertilizersi 3.7%

Sugar and ethanol5.7% Plastics 3.7%

Metallurgic product$ 5.5% Iron, steel and its producits3.3%
Machines and equipment3.7% Pharmaceuticals 3.1%

Pulp and papér 3.0% Optical and precision equipmeinB.(0%
Major countries for the exports and its shares Main supplier countries and its shares
Chinai 19.0% Chinai 15.8%

United State$ 10.3% United State$ 15.1%

Argentinai 8.1% Argentinai 6.%

The Netherlands 7.2% Germanyl 6.3%

Japari 3.3% Nigeriai 4.0%

Source: MDIC (203)

1.2 Energy

Few countries with reasonable to good level of industrialization, like Brazil, have an emsirgy

with such highshare of renewable energy sources. 10832@6.4% of its primarydomesticenergy
supply was covered by renewables. The share of hydraulic energy that ye&8.@¥aflthe total
supply. In the same year, the set of biomass sourcesembB.6% of the domestic energy supply,
with a share of 9.1% due tosugarcane products (ethanol and bagasse). Figure 1.3 shows the
evolution of the total energy supply in Brazil in theriod 19702013, and highlights the share of
renewables.
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Figure 1.3Evolution of total energy supply in BraZil19702013



Since the 1980Brazil has remarkably reduced its dependency on oil supplgiacd recentlyfon
averagehas beerself-sufficient (the results on 2012 and 2013 indicatediculties for enlarging
domestic oil production)On contrary, Brazil is highly dependent on hymlity coal (and coal
coke), usedor iron and steel production; this dependency was reduced in the early 1980s, when
Brazilian government implemented ljmees aiming at substituting coke for charcoal, but imports
raised again when coal's (coke's) prices declined. The dependency on natural gas is a new event, anc
started with the imports from Bolivia; Brazilian governmetiirdugh PETROBRAS, the stated
controlled oil company) has worked on enlarging domestic production and diversifying suppliers.
Finally, the dependency on electricity is mostly due to the imports from Paraguiagwas half of

Itaipu's capacitytbielargest hydro power plant, with almdst GW installed). Figure 1.4 shows the
evolution of external dependency on oil, coal, natural gas and electricity.
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Figure 1.4Evolutionof eneggy dependence in Brazil19702013

Details about the contribution of biomass overfthal energy consumption in Brazil are presented

in Figure 1.5. It can be seen a continuous reduction of wood consumption urtiffftld that was
strongly influenced by the reduction of Roommercial wood consumption by households. It should

be noticedthat the data regarding wood consumption, mainly in households, are based on
estimations. Bagasse consumption corresponds to the use of sugarcane bagasse as fuel in mills tha
produce ethanol and sugar;this casebagasse is used withoderateefficiency for raising steanm
boilersand this is thenain reasorfor its high sharé the availability is high and the opportunities

for other uses are limited so fdn Figure 1.5, "Others" correspond to different agricultural and
industrial residues, such a$ack liquor.It can also be seen that due to the drawbacks of ethanol
production the biomass consumption has been almost stable.
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Figure 1.5Final energy consumptioof biomass sourcés19702013

Wood consmption as such is relant n the residential (775 HJ35% of total consumptionand in
the industrial sectorsA8%). The energy consumption of charcoal is mostly due to the industrial
sector 88%), and more specifically in the metallurgic industry.

Considering soci@conomicsectors, the industrial &ill the ane with highest consumptiomtjout

3.7 EJ by 203; 36.2% of the total), followed by the transport sectaoqut 3.6EJ and34.9% of the

total by 2@3). In Brazil, the energy consumption in the residential, commerodlirathe energy
sectors reflect some specific aspects: first, due to the weather conditions, space heating is not
required in most of the regions; second, due to the importance of hydroelectricity, the total
consumption in the energy sector is not toohhifigure 1.6 shows the growth of final energy
consumption by sectors from 1970 to130 Figure 1.7 shows the distribution of final energy
consumption within socieconomic sectors by 28.
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Figure 1.6 Energy consumption by sectard 9702013

Others Residential
8% 10%

/

Energy
Sector

% .

Transport
35%

Source: EPE/MME (204
Figure 1.7Energy consumption by sectors in130

The evolution of the final energy consumption within the industrial sector is shown in Figure 1.8
andin Figure 1.9. The difference between these two figusethe ilusion (or not)of the sugar
industry in the industrial sector. Most of the sugarcane mills in Brazil produce bg#n and
ethanolbut, from the point of view of energy statistics, the consumption for sugar production is
classified as industrial sectahile the consumption for ethanol production is allocated in the energy
sector. The differenceas 722 PJ in 2A3.

11
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Figure 1.8Energy consumption in the industrial sector, including bagasse consumed for sugar
production
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Figure 1.9Energy consumption in the industrial sector, excluding bagasse consumed for sugar
production

Figure 1.10 shows the structure of final energy consumption in the industrial sectot3yrB6
share of biomass would be reduded?0% in case bagasse consumption is not considered. Details
of the energy consumption in the industrial sector fronB20@013 are presented in Annex A.
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For the transport sector, the evolution of the final energy consumption is shown in Figure 1.11. The
growth of ethanol consumptiorhydrated ethanol andnhydrous ethanofthat is blended with
gasoline) is remarkable since 1976. Byi@0Oethanol consumption reggented 4% of the energy
consumption in road transportation ant¥@of the energy consumptiaf sparkignition vehicles
(49% of the gasoline consumption in energy basis). In Figure 1.11, "Others" correspond mostly to
kerosee (consumed in jet enginesjpbiesel (consumed blended with mineral diesel) aauiral

gas (consumed in spaignition engines). Figure 1.12 shows the distribution of the energy
consumption in the transport sector by120
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Figure 1.11Energy consumption irhe trarsport sector Brazil, 19702013
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In Brazil, for more than five decades electricity production has been mostly based on hydro power
plants. The bulk offte hydroelectric potential is still untapped (about 70%), but most ofoitased

in the North region (more than 1N over 2® GW). It will be difficult to take full advantage of

the remaining potential in the North region as, firdthgre is growingesistance to nevargehydro

power plantsdue to the potentiaénvironmentaland socialimpacts in the Amazon area and,
secondlybecause the distané®m the largest consumer markets (in Southeast and South regions).
For reducing environmental and salcimpacts the tendency is construction of hydro power plants
with small capacity of water storage, for reducing flooded areas.

Figure 1.13 shows the profilg electricity generation in 2@l when6%% of the generation was
based on hydro power plan(t8%in 2010; a sequence of dry years explain the reductioegults
presented in the figure corresponds to the production in Brazil; as previously mentioned, Itaipu
belongs 50% to Brazil (50% belongs to Paraguay), and only the Brazilian share is incltided in
figure. Electricity generation in Brazil summeg 569 TWh in 2013, while imports (mostly from
Itaipu) summeelp 36 TWh in the same year.

Regarding the installed capacity of @kcity production, by the end of 28lhydro power plants
corresponded tonore than70% of the total (also excluding 50% of the Itaipu's capaciyout

10% of the installed capacity is based on thermal power timtisburnbiomass. Table 4.shows

the current profile of the installed capacity of electricity production atdeTEb shows the profile

of electricity production based on biomass; it can be seen that most of biomass power capacity
corresponds to cogeneration from sugarcane residues (bagasse) athigidack

14
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Table 14 Profile of the installed capacity of electricity generatiorD®cembel014

Capacity (MW) Share (%) Number of plants
Hydroi largescale 87,309 62.97 201
Hydroi smaltscale 5,030 3.76 954
Thermat conventional 39,33 28.20 1,885
Nuclear 1,990 149 2
Wind 4,854 3.76 224
Solar 19 0.01 289
Total 138,536 3,555

Source: ANEEL (204)

Table 15 Profile of thermal power plants based on biomasBégembe014

Capacity (MW) Share (%) Number of power plants
Sugarcaneesidues 10,543 79.8 387
Black liquor 1,984 15.0 17
Wood residues 359 2.7 46
Biogas 73 06 25
Rice residues 38 03 10
Blast furnace gas (charcoal 51 04 7
Vegetable oll 14 0.1 3
Elephant grass 32 0.2 1
Total 13,279 529

Source: ANEEL (204)
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Figure 1.14 shows the growth of electricity production (since 1970) frioen nhost important
biomass sources. In recent yeansre than 5% of the electricity produced frosugarcandagasse
(on average, considering total productibay been commercialisedttvihe grid. Figure 1.15 shows
the growthof the contribution oklectricity production from biomass since 097

45

40

B'Wood
mEBlack-liquor

35

30 A

mBagasse

25

20

15

Electricity generation (TWh)

10

avn
672
a74
a7a
a7a
980
882
o84
086
o988
890
6932
G994
996
598
2000
2002
2004
2006
2008
2010
2012

— o o T T o v — T — — T T —

Source: EPE/MME (2D4)
Figure 1.14Electricity production from biomags19702013
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Figure 1.15Electricity generéion from biomass over the total (only 50% of Itaipu is included)
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1.3 Greenhouse g&&HG) emissions

Brazil is not an Annex | countrin the Kyoto Protocoland, thus, does not have commitments
regarding emission reductiong to 2020 However, Brazil is oa of the top emitters, even not
considering the emissions due to land use change and deforestation that, in the past, was the main
reason for high emission levels. Deforestation has drastically been reduced since 2004.

An estimate of emissions per ety is presented in Table 1.6. The figures are for 2011, considering
and not considering emissions due land use change, deforestation and aforestation })UibUCF
both cases Brazil is in the sixth position (about 3.1% of total emissions worlgwaiu®)t 306 of

the total emissions are related to the energy supply ch@nghe other hand, considering historical
GHG emissions from 1990 to 2011, Brazilian emissions are estimatubut 40.5 GtCg, or
4.8% of total GHG emissions in this period.

The factsthat call attention regarding these figures are: (1) the deep reduction of total GHG
emissions in about one decade, from 2,322 MiGOVRI/CAIT, 2008) to 1,419 MtC@*gthe rapid

growth of the emissions due to energy use and agricultural activitiesazi$ \Bas in 1

position

in 2006 as long LULUCF were not considered (UNDP, 2009); (3) the significant contribution on
total GHG emissions in the period 192011.

Table 1.6GHG emissions per country, in 2011, and accumul#déad emissiongrom 1990 t02011

(MtCOseq)

Excluding emissions due to LU|

Including emissions due to LU

Accumulated total emissions frol

and deforestation and deforestation 1990 to 2011

Country Emissions | Country Emissions | Country Emissions
World 43,816.73 | World 45,91350 World 840,511.53
China 10,552.61 | China 10,260.32 | United States 136,751.47
United States 6,550.10 United States 6,135.03 China 122,928.68
India 2,486.17 India 2,358.04 Russian Fed. 52,352.67
Russian Fed. 2,374.31 Russian Fed. 2,216.59 Brazil 40,489.09
Japan 1.307.41 Indonesia 2,052.91 Indonesia 34,235.71
Brazil 1,131.10 Brazil 1,419.10 India 34,096,06
Germany 882.93 Japan 1,170.28 Japan 26,290.91
Indonesia 834,58 Canada 847.08 Germany 20,816.67
Canada 716.21 Germany 805.97 Canada 17,208.30
Iran 715.53 Mexico 723.19 United Kingdom 14,421.16

Source: WRI/@T (2014)

8 GHG emissions due to land use, land use change and forestry.
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Worldwide, it is estimated that Brazil has the largest stock of carbon in forests (49,335 MtC), 1.5
time larger than Russian Federation (the second largest stock holder) and 2.6 times larger than
United States (the fourth largest stock holder) (UNDP, 2009).

Brazil has releasetvo official inventoriesof its GHG emissionsfor the periods19901994 and
20002006. According to thee studes the emissions due to land use change and deforestation in
Brazil covered 55%nd61% of the total emissions 1994 and 2005, respective|¥,329 MtCO, in
2005) In 2005, emissionsdue to the agriculturavere 18.9%, while emissions due tenergy
production and useontribute with 15%The balance was due to thmissions in industry3.6%)

and due to waste disposal®o) (Brasil, 2A0).

However, due to the drastically decrease on deforestation since 2004 and to the growth of
agriculture and livestock, on one hand, and to the more intense use of fossil fupisfitbeof

GHG emissions has changed. An estimate for 2B¢0the authors of this reporbased on
tendencies, show that the emissions due to agriculture (including livestock) represent about 30% of
the total, while the emissions of the energy supplyrchaepresent 28%; tHdJLUCF emissions
represent about 33% of the total. The total emissions were estiatdtdd6 MtCQ, that is a quite

good result compared to the figures presented in Table 1.6

An official estimate of GHG emissions in 2013 indicaté68 MtCQ as the total figure, being
34.6% due to LULUCF, 30.2% due to the energy production and use and 26.6% due to agriculture
and livestock (SEEG, 2014).

Emissions of CQ per capitadue toenergy consumption wer222 tonnes/habitant in 2@ (1.4
t/habitantin 1990and1.74in 2009, while the figure for carbon intensity eEonomicgrowth was
0.32 ktCO,/million US$ PPP (208) in 2012 (0.22 ktCQ/million US$ PPP (2000) in 199Nnd0.20
ktCO,/million US$ PPP (20000 2009 (IEA, 2014). These figuresra still very low comparedo
other countries (developed and developing countries).

The average COemission factorslue to electricity generation in Brazil (considering the national
electric interconnected systerftpm January 2006 t@ctober2014 are prsented in Figure 1.16.
Theresults ardasednly on fuel consumption and on the hypothesis that hydro power plants do not
cause GIG emissions.The variations along the year are due to seasonal behaviour of electricity
production by hydro power plants, tiermal power plantare mostly complementary in Brazil

Compared to other countries, angedo the profile of electricity generation in Brazil, the estimated
CO, emissions are quite lawlowever, observing Figures 1.17 and 1.18 it is clearthe graving
tendency as long as hydro power plants have operated with constrains in rece(foyeadsicing
the risk of deficis and due to the droughts in 2026814)

18
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2. Energy Policies
2.1 Ethanadl

The secalled chiken and egg problem is classar alternative fukvehicles: who will buy these
vehiclesas long asa fuelling infrastructure is not in place, and who will build the infrastructure
while there is no velsles in the market? (Romm, 2008)here is highkrisk perceptionboth for
producers and consumeesd this is one of th@ain challenges for deployingn@wenergy source.

During the first 15 years of the Brazilian ethanol program, supply and demandotlersiimulated

and adjusted through central coordination. Producers accept the Program since the very beginning as
it was also created in order to minimize th#iculties frequently faced by sugarcane sector due to

the excess of sugar production and thations of its international prices. In addition, the required
investment was assured by credits given at low interest rates and risks were extremely reduced as
sales were guaranteédue to mandateis see below and strict regulation by the governmeat)d

prices were controlled both to sugarcane and to ethanol. In fw,fixed prices for producers and
consumers played an essential role in the general trust of the progrtardgn Wall Bake et al.,

2008)

Also aiming at assuring the supplyuring hie 1970s and 198Gke government has obliged the
statecontrolled oil company (PETROBRAS) to provide aodoperate the required infrastructure
for transporing, stoing, blending and distributg. Eventual losses during ethanol
commercialisation were alsassumed by PETROBRAS.

In parallel, in order to induce the consumption, the government negotiated with the automobile
industry® to introduce the required modifications in engines and passlarge is the share of
ethanol in the fuel blendnore modifictions are required (Coelho et al., 2006)Already i early

1980s, the automobile industry has accepted to give full warranties to the consumers. The R&D
efforts regarding engines able to run with blends and straight ethanol started at a federal research
centre (Aeronautics Research Centre) where the development of engines and tests were performed.
The first neat ethanol engine was commercially available in 1979 and technology was quickly
transferred to the automobile industry.

On the other hand, the eth&noarket was induced by mandates. In 1975, a mandate for 20%
anhydrous ethanol (E20 volume basis) on fuel blend was established. However, just by early
1980s the share of ethanol into all glase commercialised reached%0Along the yearthe share

of ethanol in fuel blend has changed, as can be seen in Figure 2.1. The ethanol share adsoreduc
13% between 1989 and 1993 as consequehagdomestic) supply ethanol crisis, while in 1993 it
was defined by law that the share of ethanol in fuel blendldibe in the 1525% rangdsince mid
2014the range iglefined asl8-27.5%), depending on the conditions of ethanol market. Sinae the
20% was thdéowest level reached. In practice, this relative wide range allowift theproduction

to more sugar (hen it is convenient), allowing the producer to maixe its earnings. Currently, the
share of anhydrous ethanol in the fuel blendbi 2

° Text based on Walter (2008): Bahanol Development(s) in Brazil; iBoetaert W. and Vandamme E. (Editors).
Biofuels.

19 At that time,only four main car manufacturers were based in Brazil.

" For instance, for 25.00% ethanol in the fuel blend, modifications include materials substitution (e.g. of the fuel tank,
fuel pump, electronic fuel injection system) and new calibration of devécgsdf ignition and electronic fuel injection
systems).
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Figure 2.1 Average share of ethanol (anhydrous) in the bieitld gasoline according to mandates

Moreover, along the years consumers were stimulated to bwethaaiol cargdue to thelower
taxesvis-a-vis those applied over gasoline vehicles. In addition, fuel prices were controlled until
mid 1990s and ethanol prices to constsneere kept close to 65% of the gasoline's price (volume
basis).

In Brazil, taxes have a strong impact overel price paid by consumersCurrently, six different

taxes and contributions have been applied over automotive fuels, being just one equivilent t
valueadded tax (VAT). As an example, in 2005 the average taxation over gasoline C (gasoline
blended with ethanol) in Brazil was estimated as 47%, while the average taxation over hydrated
ethanol was evaluated as 34%. In state of S&o Paulo (thetlargducer and consumer of ethanol

in Brazil), thelocal taxation over hydrated ethanislclose t012%. In addition, inthe state of S&o

Paulo anextraadvantage for ethanol consumers is the lower value of the annual license paid by
owners of neaethandvehicles (including FFVs).

Direct subsidies were completely eliminated with the deregulation process that finished in early
2000s. However, a tax exemption policy is in place and part of the benefits received by ethanol
consumers is due to lower taxeskgd to ethanol regarding those paid by gasoline consumers.
Anyhow, it should be noticed that in Brazil the taxation applied to diesel oil is even lower than the
correspondet applied to ethanol (about %&7in 2005, on average) (Cavalcanti, 2006).

2.2 Biadiesel

By the end of 2004, Brazilian government decided to implement ticalkal National Program of
Biodiesel Production and Use (PNPB). Thexldred targets of the program regyenerating jobs
and income in rural areas and reducing regional inequalifiecording to the government, two
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additional targets we getting the potential contribution to foreigexchange savings antb
environment improvements.

In 2004 it was defined by law that B2 blends would be mandatory countrywide from January 2008,
but tis target washangedo B3 blends in July 2008 and enlarged to B4 blends in July 206@sl
initially predicted that only in January 20flf8& mandatory mix wuld reachto 5% of biodiesel (B5),
butthe target was anticipated 2010.In mid 2014 it waslecided that blend can vary from 5 to 7%,
according to market conditions (being these values the minimum and maximum, respedtively).
order to reduce diesel imports, in practice B7 blends were immediately implemeingéer
biodiesel blends or even B1@&n be used, but only if authorized by the Petroleum, Natural Gas and
Biofuels National Agency (ANP). From 2005 to 2007, the use of B2 blends was not mandatory.

The program was conceived in order to foster the production of biodiesel from different raw
maerials, such as palm oil and babassu in the North region, castor oil and cottonseed in Northeast
region, sunflower and peanuts in the South and soybeans, residual oil and fats in the Southeast and
Centre regions. However, the bulk of biodiesel produdtias been based on soy @bout70% in

recent yearsapproximately20% produced from animal fat§% from cotton oil and the balance

from other feedstocks).

The three main pillars of the PNRBe:(a)thesec al | ed A Soci al Labed 0, a
designed to support subsistence farming systébjsreduction of some federal taxes; a(a)
biodiesel purchasing auction schemes (Amaral et al., 2008).

The production of biodiesel has been encouraged through purchase auctions organized by ANP.
Forty auctions took place since 2007 while the total amount of biodiesel sold surg@®edOnly
producers that hold the Social Label ($stow) can participate on these auctions; PETROBRAS
assures the purchase (Pousa et al., 2007). Figure 2.2 shomsritity biodiesel production from

early 2005 to December 201n 2014 the produadbn surpasse8.0BL and is predictedo reach 4.0

BL in 2015 Figure 2.3 shows the evolution of the annual production from 2005 to 2014.
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The engagement of small farmers and producers of the poorest regions in the biodiesel value chain
has been fostered by means of tax incentivastgd tacompanieshat purchase cjproducing crops

from small farmers. Total or partial taxes exemptions are granted to biodiesel psothatesupport
family farming.

In order to qualify for these tax benefits, biodiesel producers have to hold eatti€alled Social
Label. The Ministry of Agrarian Development (MDA) issues the Social Label to biodiesel producers
provided that they meet the following requirements:

a) Purchase of minimum percentages of raw materials from family farmers (10% in North
andMid-Westregions 30% in South and Southeast regions and 50% in Northeast and
SemtArid Regions); and

b) Contracts with family farmers establishing deadlines and condifmnmeaw material

deliverance(including prices) and provision of technical assistat@wethe family
farmers.

2.3. Wood resources

During the 1960sthe existence of just 0.5 Mha of plantations and a growing pace in deforestation
led to a revision in the ongoing forestry legislataond this result in anpdating Forestry Code. In
1967, thelBDF i1 Brazilian Institute for Forestry Developmentwas created, together with a
nationd program to foster forestatiqibased orthe Brazilian Tax Incentive Layv It ruled during 20
years but failed on the target of planting additional 6.5 Mha.

In the 1990s the increment on forested area was reduced from about 300,000 hal/year to about
170,000 halyear. Two industrial branches (pulp and steel industries) were responsible for most of
those plantings, with improvement on wood yieldge to developmerd and use of new

technologiePuring the first half of the 2000s, forested areas held about 250,000 ha/year, an amount
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still lower than the harvésd area. At that time, some timber consuntieas facedsupply problems
imported wood from MERCOSUR countries.

Along the years, everal forestry programs have been impleméftadd they led tdncreasing
annual planted forests through funding at low rateese programmes alsocorporae native
sustainable forests througlertification process (e.gESCi Forest S¢wardship Council). Targets

for planted forests from 2004 to the end of 2007 were additional 0.8 Mha through small and medium
farmers and 1.2 Mha through medium and large compdnid¢ise same period the targéts native
forestsincluded certification ad sustainable management of 15 Mha, being 5 Mha planted and
managed by communities or families.

Regarding programs aiming at foster the demand of solid biomass in industries, it should be
mentioned a government action in the 1980s that induce the usarobal as substitute of imported

coal and coke. The peak of charcoal output was in 1989 (about 240 PJ), when almost 40 per cent of
the pigiron production was based on this biomass source. During the 1990sdatgentegrated

steel mills shifted agaitheir energy matrix, returning to coke duethe reducing costs. Currently,
charcoal use in pigon production is concentrated in small independent factories.

Also in the first half of the 1980s, federal government induced the use of firewood tarpeting t
substitution of fuel oil in industrie§.he peak ofifewood consumption was in 1986en it reached
280 PJ, and after that it continuously declingidce 2002 firewood consumption in industries has
grown again, andeached 33PJ in 203.

2 Such as Pronaf Florestal (Forestry Program for Familiar Agriculture Support), Propflora, Profloresta, and
Proambiente.
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3. BiomassResources

The main biomass resources in Brazil are wood, sugarcane and the oil seeds used for biodiesel
production; the most important oil seed so far is soybeans.18 #@e contribution of wood and
sugarcane to the total energy supply ahsost3,100 PJ, orclose to30% of the total (beingbout

9.5% from wood andnore thanl9% from current sugarcane productsthanol and bagassg)As

shown in Figure 1.5, the contribution of biomass sources ttotakenergy supplyn 2013 reached
2,.878PJ, or B.4% of the energy consumption; sugarcane bagasa&(®,)), firewood §78PJ) and

ethanol 26 PJ) are the main biomass energy sources.

Despite the economic crisiSugarcane has consolidated its position as the main biomass source in
Brazil in recent yea: Its importance is due to the production tfa@ol (hydrated and anhydrous)
with the use of sugarcane bagasse as fuel in cogeneration sgstémsmills Sugarcane is also
important due to the production of sugar (that also uses sugarcane bagasbe ksféct, most of

the sugarcane mills in Brazil produce both ethanol and sugar (see section 4t2¢, statisticof
ethanol productiorare included irthe transformation sectavhile sugar production invithin the

food and beverage sector. Fig@®.é¢ shows the evolution of sugarcane and wood supply frofd 197

to 2013.
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Figure 3.1Supply of sugarcane and wood from 1970 t@320

3.1 Sugarcane

Sugarcane is a traditional crop in Brazil. Its use for fuel ethanol production @sleate started in
1975 (see section 4.2); previously to that, sugarcane was mainly used for sugar and ethanol
production for other uses (e.g., industrial).

3 The Brazilian Energy Balance does not presieailed informatiorabout bialiesel productionyet
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Figure 3.2 shows the growth of sugarcane production for sugar and ethanol from the harvest season
19901991 to 203-2014. Up to early 2000¢he growth of sugarcanproduction was forsugar
production,but this has changedterwardsSince 2007, no less than 50% of Hugarcandas been

used for ethanol productidm some years, 557%).
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Figure 3.2Sugarcane used for sugar and ethanol prodydtimm 1990to 2013

The bulk of sugarcane production is in state of S&o Paulo, mdte than50% of the total
production(55% in 2013) while in the CentreSouth region the productiorepresentsnore than

90% A small share of sugarcane production is in the Nbidhtheast region9% in the harvest
season 2012014). The mills in North and Northeast regions produce more sugar than ethanol and,
thus,ethanol productioms even more carentrated in th€entreSouth regionMAPA, 2011).

Sugarcane bagasse is derived from the fibres of the sugarcane plant. On average, sugarcane has 12
14% of fibres that implies the availability of 2@80 kg of bagasse per tonne of sugarcane crushed,
with 50% moisture (absolute). Currently, most of the sugarcane bagasse is burned for steam
generatiorat the mill site; bagasse use as fuel in other industrial branches is constrained by its low
density, the low price of fuel oil and the distancesgen indusial plants. Asmarket opportunities
arelimited, bagasse is inefficiently used at fuel; at least 50% of the bagasse could be saved in an
efficient industrial unit.

At the field, he availability of sugarcane trash (leaves and points of the sugarcarepkntost

equal than bagasse, but so dasmall amount ofrash has been used as f(reixed with bagasse)
Traditionally, sugarcane fields are burned before harvesting in order to make manual practice easier
and, hence, trash is completely eliminatede to environmental reasons the tendency is the phase

out of sugarcane burning, and trash could be availabgescale to beised as fuelcurrently,in

some regions almost 10006 sugarcane has been harvested without previous buiniBgazil, the
average availability is 140 kg of trash per tonne of sugarcane; it is estimated that up to 50% of the
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trash could be recovered and transported to be used as fuel at the mill site, while the balance should
be left in the field for soil and plant protemst.

In the future, sugarcane bagasaabe used as raw material for biofuels production from hydrolysis
(or gasification, or even for the production of chemicals. Brazil, research and development
efforts have been more effective on ethanol produ¢kioough hydrolysis.

3.2 Oil seed¥

Despite its favourable conditions and large agricultural tradition, Brazil is not among the major
producers of vegetable oils, except soy oil (aatlonseedo alower extent). Table 3.1 shows data

of productionof different vegetable oils from 2002 toI3and their share regarding Brazilian and
world production. As can be seen, soybean oil represents almost 90% of the total domestic
production of vegetable oils.

Table 3.1Producton of vegetable oils in Brazénd treir sharg 20022013

Vegetable oils/data 2002 2006 2010 2011 2012 2013

Soybeans (1,000 tonnés) 5,105 5,970 6,970 7,310 6,760 6,960
(% of world productiorf) 16.8 16.4 169 17.2 15.8 15.6
(% of Brazilian production of VG) 77.8 89.9 894 89.0 89.0 88.4
Cottonseed (1,000 tonnés) 196 242 454 455 347 396
(% of world productiorf) 5.6 5.0 9.2 8.7 6.7 7.7
(% of Brazilian production of VO) 3.0 3.6 5.8 5.5 4.6 5.0
Palmoil (1,000 tonnes) 118 170 270 310 340 340
(% of world productior) 0.4 0.5 06 0.6 06 0.6
(% of Brazilian production of VO) 1.8 2.6 3.5 3.8 4.5 4.3

Sources’ production data from USDA Foreign Agricultural Services (FABSDA, 2008) + USDA Office of Global
Analysis (OGAUSDA, 2012) + USDA: Foreign Agricultural Services (FABSDA, 2014)
2 calculated regarding world production taken from USDPoreign Agricultural Series
% production data from Oil World, apud ABIOVE (2008), considering soy oil production from USDA + USDA
Global Agricultural Information Network (USDA&SAIN, 2012) + UDA in Indexmundi (USDA, 2014 B).
* calculated regarding data from Oil World, apud ABIOVE (2008), considering soy oil production from USDA
+ USDA- Global Agricultural Information Network (USDA&SAIN, 2012)
® il World, apud ABIOVE (2008) + USDAGAIN (2012) +Ministério da Agricultura Pecuéria e
abastecimente Agroenergy Yearbook 2010 (MAPA, 2012) + USDA in Indexmundi (USDA, 2014 B).
® cdculatedregarding data from Oil World, apud ABIOVE (2008) + USIBRIN (2012) + Ministério da
Agricultura Pecudaria e abastmento- Agroenergy Yearbook 2010 (MAPA, 2012) + USDA in Indexmundi
(USDA, 2014 B).
Notes: VO = vegetable oils.

Brazil has a long traditiomegardingsoybeans production and is currently the second largest
producer (after US). Regarding soy oil, Bragiamong the top producetsgethemwith US, China

and Argentina. Figure 3.8hows the evolution of soybeanoduction in Brazil in the period 1995

2014 and also shows the amount of the seeds production locally crushed; as can be seen, the
production grewalmost continuously but the share locally processed didn't grow a@sfadtnost

% This section is based on RosilZalle et al. (2009). The information was updated in this report.
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constant since 2010)n fact, the production locally crushed declined from 90% in 19%btmut
40% in 20L3-2014. This explain®B r a zlawér énportance as soy oil proderc

As an illustration, Figure 3.4 shows the evolution of soy oil production and its share regarding the
world production.
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The production of soybeans in Brazil has been blamed for deforesation, due to the recent expansion
of this crop in the Cerrado region, in the central part of Brazs. believed that soybeans expansion

has caused deforestation in that area and has indirectly contributed to the deforestation in the south
of Amazon regia (i.e., causing ILUCY. Soybearoccupes abouBl Mha in Braziland isby farthe

largest crop in theountry, covering abouy0% of the land occupied with agriculture.

3.3 Forestry resources

Wood production is a webstablished activity in Brazil. Forest activities are concentrated both in
the North and in the South regions. In the North region theuptmsh is mainly based on
extrativism, while in the South planted forests are dominant, based ofratatidn coppices. The
production of dedicated forests aims at the pulp and paper industry, timber and logs production, and
in a small extent charcoalqutuctiort®. Dedicated forests are mainly of pines andatyptus; being
estimate a§.47Mha planted with eucalypt andsZ.Mha with pines IBA, 2014).

It is estimated that, in 231 35.2% of all the wood producefiom planted forestsvas used in the
prodwction of pulp. The production of sawn wood, panels and plywood consgf&% The
remaining amount4(1.7%) is destined to the productiarf industrial firewood charcoal treated
wood,and other forest producttB@, 2014). The location of the different @od industries based on
eucalyptus in Brazil is shown in Figure 3.5

“I'n order to avoid soy production in deforested areas
main soy consume do not buy soy produced in deforested areas (if any). The producers monitor land use using satellite
images and visits esite.

16 According to the IBGE Z014), 34.7% of the wood production based on dedicated forests is used irmpailpaper
industry, Z.8% for timber and logs,&4% as firewood, and1.1% for charcoal production.
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Figure 3.5Location of wood (eucalyptus) industries in Brazil, 2010

Figure 36 shows the evolution of wood productiemcept for pulp and paper industmdstly for
timber and logs based on extrativism and on dedicated forests, in the period2D290 the
information is based on surveys by IBGE, and is an estimate, mainly regarding ertfatidiata
are presented in Annex.

" Besides the intrinsic imprecision of such surveys, there is also illegal activity based on deforestation, mainly in the
North region.
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Figure 3.6 Estimates of wood production in BraZil1990-2013

Figures 3.7 and 3.8 shows the evolution of wood production mostly for timber and logs, based on
extrativism and on dedicated forests, respectively, in regions South + Southeast (S+SE) and other
regions of BraZi Production based on extrativism mostly occurs in the North re@i#n (n 2013;

and mostly in Amazon region), and has declined in recent years (based on estimates by IBGE
Reduction wagrom 98 Mm?®in 1990 to 22 N’ in 2000 and td4 Mm®in 2013.
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Historically, & can be seen in Figure 3.8, wood production based on planted forests mostly occur in
the southern part of Brazand more specifically in the states of ParaBanta Catarinand Rio

Grande do Sul (South region) andtire states of S&o Pauland Minas GeraigSoutheast region).
However, the states of Bahia (Northeast) and Mato Grosso do Sul (Central regiomgdeantsy
increased the amount of planted forests fostered by four new pulp and paper plants installed there.
These two states comprise 17.4% of the overall planted area.

Particularly in case of dedicated forests of eucalyptus, it is believed that Baazavdridwide the

best technology for implementing them. Eucalyptus plantations have been condemned for years, but
some of the constraints of the past are no longer a matter of concern (e.g., soil drainage, soll
degradation, nutrient leaching and reductainwater storage capacity can be almost completely
avoided if adequate techniques are applied). Regarding biodiversity preservation, the usual solution
is both to form and maintain wildlife corridors connecting areas under conservation (native
vegetationCoutoet al, 2002).
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Figure 3.8 Estimates of wood production based on planted fores&80-2011

In Brazil, the forestry sector tends to expand occupying pasturelands. Among them aredleel so
seconeclass lands, notably those with poor chemical (fertility, cationic exchange capacity) and
physical characteristics (texture, depth, drainage), and with high slopes; some of these lands are
under a degradation stage. Shifting on land use towarétyest is also happening on orange and
coffee fields where both soil and topography use to have better quality.

The location othe mainplanted forestsf eucalyptus and pesalongthe countryin 2013is shown
in the Figure 2.
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Field residues have been rarely used for energy production, remaining as an important alternative for
both internal and external markets. Saw mill residues have been used more frequently than field
residues (wood slashes), although their uses are still low and mostly inefficient.
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4. Current and Expected Future Energy Use of Biomass
4.1 Ethanol current production and perspectives

Worldwide, fuel ethanol consumption in Z®was estimated &&7.2 billion litres (REN21, 2Q4).
Brazil is the second largest ethanol proddgein 2013 its production reached72 billion litres,
while the domestic consumption as fueds22.9 billion litres (EPE 2014). All motor gasoline sold
in Brazil contains 227% ehanol on volume basis (ERB27). Neat ethanol vehicles use hydrated
ethanol, while anhydrous ethanol is blended with gasoline.

Largescale production of fuel ethanol in Brazil started in 1976 dnly since 1999, after the
complete deregulation of the ingtty, the consumption hasised steadily. Flexfuel vehicles
(FFVs)™® have been the main driving force of the domestic consumptidryaratedethanol. In
Brazil, FFVs can run with any fuel mix between gasohd8E27) and pure hydrated ethanol
(E100). Tle relative low prie of ethanol regarding gasoliaed the good technology are the main
reasons why currently more than 90% of the new s@liin Brazil are FFVs

Since early 1980s, all ethanol production in Brazil is based on sugarcareldition to he
favourable conditions for biofuels production, such as climate, rainfall, land availability and
availability of working force, Brazil has taken advantage of the {targn experience with sugarcane
production. It is also worth to mention that during aldtm20 years (i.e., from 1975 to early 1990s)

the Brazilian federal government offered very favourable conditions for fuel ethanol production (see
section 2.1).

Brazilian experience with ethanol blended to gasoline comes back from the 1930s, but it was in
1975 that the Brazilian Alcohol Program (PROALCOQ\3s createciming at partially displacing
gasoline inroad transport. At that time, the country was strongly dependent on imported oil and
gasoline was the main oil derivative consumed. In 1979, wighstttond oilchock, Brazilian
Governmendecided to enlarge the Program, supporting ksgde production of hydrated ethanol

to be used as neat fuelmodified engines.

During the first period of the Program (197979) ethanol production was accompédhby new
distilleries annexed to the existing sugar mills, while in the period-1988 many autonomous
distilleries were built. It is estimated that at that time about US$2Lbillion were invested to
create a structure able to produce about 15 billtees of ethanol per year.

Less support from the government and the lack of a positive attitude by the producers laid the
ethanol market to difficulties during the 1990s, starting with a shortage of ethanol supply in 1989
1990 that lead to a strong drap sales of neat ethanol cars. For instance, sales of neat ethanol
vehicles that have reached-98% during the 1980s were continuously reduced until summing up
just about 1,000 new vehicles per year in 22998. The reduction of the neat ethanol flesgly
impacted the consumption of hydrated ethanol during the 1990s and early 2000s. Figure 4.1 shows
total sales of new vehicles in the period 12083, according to the fuel option; with the success of
FFVs, sales of straigigthanol vehicles vanished 2006.

'8 Since 2006 US is the main world proéucountry.

¥ The first model was launched in March 2003.
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Figure 4.1 Annual sales of new vehicles from 1975 td20according to the fuel option

The PROALCML, as initially conceivedfinished during the 1990s as long as the government
supportceased. In fact, main changes t&diin early 1990s, first with liberalization of fuel prices to
consumers and, second, in late 1990s, with full deregulation of sugarcane industry. The positive
results started to be noticed in 2001, wkales of neat ethanol cars increadad toa large price
difference between ethanol and gasoline. Howdhermain results are due to theom on sales of
vehicles able to run powered by ethanol (FFVs).

Due to an economic crisis of sugarcane sector, that started in 2008, ethanol production was reduced
in late years.Currently ethanol (hydrated and anhydrous) covasut 31%of the energy
consumption of lightuty vehicles in Brazil(it was 38% in 2010)Most probably, ethanol
production will grow in the years to come but at relatively small annual rates

Figure 4.2 shows ethanol prodion in Brazil from 1970 to 2013The production ir2013 was?27.6

billion litres (slightly small than the result in 201@yhile the domestic consumptias fuelreached

22.9 billion litres in the same yeait is clear fran Figure4.2 thatfrom 2003 (i.e., after FFVsfo
2009the production of hydrated ethanol increased continuously while the production of anhydrous
ethanol (exported and domestically used in fuel blestis)edalmost constant; this path changed
with the poduction crisis (more anhydrous ethanol was produced).
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Figure 4.2Ethanol production in Brazil from 1970 to 20

The production of ethanol has faced drawbacks since-2008 The reasons for this are various,
and include the fédwing aspecte:

)l

During the financial crisis, starting in 2008, the traditional entrepreneurs ohingoésector
faced difficultiesas they used to finance their activities with siterin loans. Due to
financial constrains, less investments were démegathe supply chain, and sugarcane yields
started to declingsee Figure 4.6)

As consequence of the bad financial situation of traditional producers, new players in the
sector decided to enter the market buying existing assets; as new players, theggubst
investments on new industrial plants and also on enlarging the planted area;

Adverse weather conditions negatively impacted sugarcane production, first with unusual
rains during the harvest season 2009/2Gk@ after withlong droughs (2010/2011ard
2013/201%;

The high prices of sugar in the international market (from the second half of 2009 till July
2011) motivated alightly shift from ethanol to sugar production, impacting even more the
ethanol supply;

Simultaneouslyand most importantrom 2008 to 2014 gasoline prices to the consumers
have been almost constambdeed,controlled, in order to avoid inflation), reducing the
competitiveness of fuel ethanol (see Figure 5.1).

In 2014 herewereabout 90 industrial units under operation and somi#s with no activities due
to financial constrainsFigure 4.3 shows the location of sugarcane mills in BriazR012;it is
estimated that 780% of the total production is in state of Sdo Paulo and the regions aroAnd it.

2 Text based ohValter et al. (2014)
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small share of sugarcane guxtion is in the Nor#fNortheast regionl¢ss than 10% in the last
harvest seasgn
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SourceWalter et al. (2014)
Figure 4.3 EXxisting sugarcane milis 2012

Most of the mills in Brazil i 2011 253 mills) produce both sugar and ethamoh fully integrated
processthese mills havesthanol distilleies annexedand ethanol is produced both from juice and
molassesThe main advantagesme certain degree difxibility in production (more sugar or more
ethano) depending on the market demands), thegyaireconomies of scale in the common systems
(cane preparation, juice extraction, utilities), and the synergisms with the integrated operation of the
two facilities. The unis that produce only ethanol are callest@omous distilleryin 2011 there
were168 mills with autonomous distillerieA. very small number of mills (14 in 2011) and a small
share of the installed capacity correspondumits that produce only sugdBrazilian model of
ethanol production" refers to the combined production of sughetranal

In the state of S&o Paulo, the region with highest concentration of sugarcarieRitilésrao Preto,
indicated by dotted lines in Figure 4i4has the best conditions for this crop, considering soil
quality, weather adequacy, rainfall and togaqany. This region has high concentration of sugarcane
areas and land is relatively expensive there. In state of S&o Paulo the tendency is the installation of
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new producing units in the west side of the state, displacing pasture and, in a smaller #xent, o
traditional crops (e.g., orangdn addition tothe factors mentioned above, the concentration of
sugarcane production in Sdo Paulo and neighbourhoods is also due to tthefrassucture

available(including storage facilities, roads, pipelineartbours, etc.), and the size of the consumer

market.
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Figure 4.4Regions with sugarcane mills in state of Sdo Paulo, in 2006 (circles represent the amount

of sugarcane crushed per year in eachintiiousand tones)

Figure 4.5 is an illustration of the areas in state of S&o Paulo with adequate conditions for sugarcane
production. Adequacy was defined as function of weather conditions, rainfall, soil quality, risk of
erosion and topography. Not surprising, it tenseen that most of the mills already installed (white
points in the figure) are located in most favourable areas.
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Source: Franco (2008)
Note: Most adequate areas are marked orange, meatiequate areas are marked yellow, while
inadequate areas area marked grey. Areas in dark green are area with environmental constraints.

Figure 4.5 Adequacy of areas for sugarcane in state of Sdo Paulo.

Considering topography constraints the traditional region of sugarcane production araciuifa

can be classified as inadequate (identified by the dotted circle in Figurd dpgography imposes
important constraints for mechanical harvesting, that is a tendency in state of Sdo Paulo as previous
burning of the sugarcane field should be ctatgly phaseaut by 2017. Previous burning is still a
common practic€but declining)in Brazil in order to make feasible manual harvesting. Currently,
mechanical harvesting is already cheaper than manual harvesting, but the required investments and
topogaphy are constraints in this process. There are regions is theoktaf® Paulge.g., in

Ribeirdo Preto) where more than 90% of the sugarcane is harvested without burning.

It is estimated that there are about 72,000 suppliers in Brazil (UNICA, 208y kbout 14
thousand in the state of S&o Pauks. an illustration,Table 4.1 shows the profile otigarcane
suppliers in Sdo Paulturing the harvest 2008007

Table 4.1Profile of sugarcane suppliers in the state of Sdo Ra20®62007

Range of Number of % of Average are¢  Production % of Average yield
production (t) producers producers (ha) (1000 t) production (t/ha)
<200 1,582 11.3 up tol 190.1 0.3 51.2
201 to 800 3,758 26.9 6 1,754.7 2.6 77.8
801 to 4,000 5,455 39.0 22 10,324.4 15.0 86.0
4,000 to 10,000 1,788 12.8 74 11,257.9 16.4 85.1
> 10,000 1,397 10.0 381 45,121.9 65.7 84.8
Total 13,980 100.0 58 68,649.0 100.0 84.7

Source: Orplana (2008)
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