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High uncertainty

“Yet, with all the expertise available to us, our
clearest conclusion is that there is very high
uncertainty in the impacts we were trying to
estimate. The uncertainties include essentially all
of the drivers of biofuel production and
consumption, and the complex interactions among
those drivers: future crude oil prices; feedstock
costs and availability, technological advances In
conversion efficiencies, land use change,
government policy, and more.”

From the preface by Indy Burke and Wally Tyner





What is the potential biofuels production? Do we
have adequate feedstocks available to meet the
RFS?

Committee reviewed the following:
 Projections from the National Biorefinery Siting Model
 EPA’s regulatory impact assessment

« USDA'’s Regional Roadmap to Meeting the Biofuels Goals of
the Renewable Fuels Standard by 2020

* Report of the Biomass Research and Development Initiative
» Other estimates and models





A review of previous estimates found that the United
States has the capabillity to produce adequate biomass
feedstock for production of 16-20 billion gallons of
cellulosic biofuels to meet RFS2. 500-600 million dry
tons of biomass feedstock could be produced.

Uncertainties regarding feedstock production and
supply:

e Competition for biomass

e Pests and diseases

* Yield increase as a result of research

« Farmers’ willingness to grow and harvest feedstocks





The per-unit costs of biofuel feedstock production

Biofuel Breakeven Model used to estimate:

The minimum price that biomass suppliers would be willing to
accept (WTA) for a dry ton of biomass delivered to the
biorefinery gate.

The maximum price that processors would be willing to pay
(WTP) to at least break even.

Difference between the WTP and WTA calculated for three oil
price projections for 2022 from DOE’s Annual Energy Outlook in
2008$%:

e $52 (low)
e $111 (reference)
e $191 (high)





Gap between supplier’s price and processor’s price is negative for all
types of cellulosic biomass likely to be produced in 2022.

Price Gap Between Biomass Suppliers and Processors

Cellulosic Feedstock Supplier’s Processor’s Price Gap Price Gap

Price Price (Per Dry Ton) | (Gallon of

Ethanol)

Corn Stover in $92 $25 $67 $0.96
Corn-Soybean Rotation
Alfalfa $118 $26 $92 $1.31
Switchgrass in the $133 $26 $106 $1.51
Midwest
Switchgrass in the $98 $26 $72 $1.03
South-central region
Short Rotation Woody $89 $24 $65 $0.93
Crops
Forest Residues $78 $24 $54 $0.77

Source: Examples from committee analysis in BioBreak model
yield 70 gallons of ethanol per dry ton.

. Price of Oil $111/barrel. Biomass






Sensitivity Analysis for Oil Price and Conversion
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WTA- WTP (Dollars Per Ton)

with Blenders' Credit

40

Biomass Type

Gap between supplier WTA and processor WTP with blender’s credit only

projected by Biofuel Breakeven model.
NOTE: Assumptions - $111 per barrel of oil and a biomass to fuel conversion efficiency of 70
gallons per dry ton.





Breakeven Carbon Prices for Various Feedstocks
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FINDING: Only in an economic
environment characterized by high oll
prices, technological breakthroughs,
and a high implicit or actual carbon
price would biofuels be cost-
competitive with petroleum-based
fuels.





Finding: RFS2 cellulosic fuel mandate
unlikely to be met in 2022

» Aggressive deployment, in which the capacity build
rate more than doubles the historic capacity build rate
of corn-grain ethanol, is necessary to produce 16
billion gallons of cellulosic biofuels by 2022.

 Policy uncertainties could deter investors from
aggressive deployment.





 Price gap for cellulosic feedstock could be closed
under other market circumstances:

— Price of oil reaches $191 per barrel.

— A price is placed on carbon that makes cellulosic
biofuels more cost-competitive.

— Government subsidy payments increase to cover
price gap.
— Government biofuel mandates are enforced.





FINDING: Absent major increases in
agricultural yields and improvement in the
efficiency of converting biomass to fuels,
additional cropland will be required for
cellulosic feedstock production; thus,
Implementation of RFS2 is expected to
create competition among different land
uses, raise cropland prices, and increase
the cost of food and feed production.






Many Factors Have Led to the Agricultural Commodity
Price Increases — Including Biofuels

Trends in International Prices
(2000-2010)

Maize
=== «Soybean
5§ 4 === \Wheat

(Price in 2002 = 1)

Commodity Price Index






Agricultural commodity prices increased 20-40% in
2007-20009.

« Retall prices less affected by market swings because
primary crops used for biofuels typically highly
processed for food production.

e Livestock market affected more because It uses raw
commodities.

— Increased cost of production
— Some competition reduced by use of DDGS.

Wood product prices will experience upward pressure if
cellulosic biofuels are commercially produced.





FINDING: Food-based biofuel is one of
many factors that contributed to upward
price pressure on agricultural
commodities, food, and livestock feed
since 2007.

Other factors affecting those prices
Included growing population and

Incomes overseas, crop fal
countries, high olil prices, c

ure in other
ecline in the

value of the U.S. dollar, anc
activity in the marketplace.

speculative





FINDING: Key barriers to achieving
RFS2 are the high cost of producing
cellulosic biofuels compared to
petroleum-based fuels and
uncertainties in future biofuel markets.





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

Environmental effects assessed:

Greenhouse gas emissions
Alir quality

Water quality

Consumptive water use
Soil quality

Biodiversity





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

Environmental effects depend on:
« feedstock type,
e site-specific factors,

« feedstock production management
practices,

* land condition prior to feedstock
oroduction, and

e conversion yield.





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

The committee concluded that:

« Biofuel production could result in
positive, neutral or negative
environmental outcomes.

 Whether RFS2 provides net
environmental benefits cannot be
answered at this time.





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

The effects of RFS2 are uncertain because:

* How and where biomass feedstocks will
be grown, and how they will be
converted to biofuels and used, are
unknown and not predictable.

« Complete assessments of the
environmental outcomes of substituting
conventional fuels with RFS2-mandated
biofuels have not been conducted.





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

Greenhouse gas emissions are
affected by:

 Feedstock type
* Previous land-use
« Nutrient management practices

e Market-mediated effects





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

TABLE 5-3 Published Estimates of and Some Assumptions Used in Estimating Life-

Cycle Greenhouse-Gas (GHG) Emissions of Corn-Grain Ethanol

Life-cycle GHG Region for which the Indirect land-use
(g CO, eq per MJ) estimate was made change included Reference
77 U.S. average No Farrell et al. (2006)
85 U.S. average No Hill et al. (2006)
177 U.S. average Yes Searchinger et al. (2008)
52 Individual facility in the No Bremer et al. (2010)
Midwest
104 U.S. average Yes Hertel et al. (2010)
101 U.S. average Yes Mullins et al. (2010)
69 U.S. average Yes Wang et al. (2011a)

NOTE: None of the studies listed in this table estimated specifically the extent to which volumes of corn-grain
ethanol produced to meet the RFS2 consumption mandate would change GHG emissions.





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

General trends for GHG emissions include:

 Food based biofuels such as corn-grain ethanol
have not been conclusively shown to reduce
GHG emissions and may actually increase them

« Biofuels from agricultural and forestry residues
and municipal solid wastes are most likely to
reduce GHG emissions

* Biofuels from bioenergy crops like switchgrass
may either reduce or increase GHG emissions
depending on how and where biomass is grown





An analysis of the

Finding:

effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

RFS2 may be an ineffective policy for

reducing glo
the effect of
depends on
produced an

nal GHG emissions because
niofuels on GHG emissions

now the biofuels are
d what land-use or land-

cover changes occur in the process.





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

General trends for air quality include:

o Current focus on tailpipe emissions is misguided
and misses majority of emissions of pollutants
affecting air quality over the fuels’ life cycle.

e Overall production and use of ethanol will result
In higher pollutant concentrations for ozone and
particulate matter than their gasoline
counterparts on a national average.

e Local effects could be variable, necessitating
modeling approaches that account for variability.





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)
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An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)
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An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

General trends for water consumptive use include:

 Consumptive water use over the life cycle is
higher for corn-grain ethanol than conventional
fuels even if biofuels are from non-irrigated crops.

e [f switchgrass is grown without irrigation and
converted using a thermochemical process,
consumptive water use may be comparable to
conventional fuels.

 Whether higher life cycle consumptive use is an
environmental problem is regionally dependent.





An analysis of the effect of current and projected
future levels of biofuels production and
use on the environment (Chapter 5)

General trends for soil quality and biodiversity
Include:

e Soil quality and biodiversity may be improved or
degraded depending on feedstock grown, prior
condition of land, and management practices
used.

« Effects of increasing biofuel production on soll
guality and biodiversity cannot be generalized.





Thank you. Report is available online at

www.nap.edu.
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A Quick Note on the NRC Study:

Renewable Fuel Standard—Potential Economic and
Environmental Effects of U.S. Biofuel Policy

e Committee Co-chairs:

— “...our clearest conclusion is that there is very high uncertainty
in the impacts we were trying to estimate.”

— “The bottom line is that it simply was not possible to come up
with clear quantitative answers to many of the questions.”

e Committee member Virginia Dale (ORNL):
— “...the report is not based on the most current information.”
— “Strictly speaking, this report is not a conclusion and should not
be read as such but rather a report on work in progress.”[1]
 Context is Key: How do the potential impacts of biofuels

compare to the potential impacts of other energy options?
(e.g., tar sands, tight oil, deep-water drilling, etc.)

1. http://www.forestbusinessnetwork.com/9009/nrc-report-on-rfs-misses-some-real-world-biofuel-iadustry- o
developments/ P~ RFQ RENEWABLE

ASSOCIATION




http://www.forestbusinessnetwork.com/9009/nrc-report-on-rfs-misses-some-real-world-biofuel-industry-developments/
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U.S. Biofuel Policy Objectives

Reduce fossil fuel use (particularly imports)
Diversify transportation energy portfolio

Stimulate economic development (particularly
in rural areas)

Enhance farm income
Reduce emissions of tailpipe air pollutants

Decrease greenhouse gas emissions





Major U.S. Ethanol Policies

Energy Tax Act (1978)
— Established ethanol blender’s tax credit

Clean Air Act amendments (1990)
— Created reformulated gasoline (RFG) program

Energy Policy Act (2005)
— Created first Renewable Fuel Standard (RFS)
— Excluded liability protection for MTBE

Energy Independence & Security Act (2007)
— Expanded requirements and scope of RFS

- RENEWABLE
RFA E-L‘IEIJS
ASSOCIATION
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Renewable Fuel Standard (RFS2)
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Ethanol Production Response to Policy Signals

Annual U.S. Ethanol Production and RFS Requirements
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Impact on Transportation Fuels Portfolio

SOURCES OF U.S. GASOLINE SUPPLY (BY VOLUME), 2000-2011
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BILLION GALS.

Recent Changes in U.S. Ethanol and
Gasoline Production

CHANGES IN U.S. UNBLENDED GASOLINE & ETHANOL PRODUCTION SINCE 2000
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Impact on Fuel Prices

Over last three years:
— Ethanol typically priced $0.40-51.10/gal. under gasoline
— Ethanol priced $1.50-52.25/gal. under other octane sources

From 2000 to 2011, ethanol reduced wholesale gasoline
prices by $0.29 per gallon.—/owa St. Univ./Univ. of Wisconsin

Ethanol lowered gasoline prices by as much as $0.78 per
gallon in 2011.—Louisiana State University

Ethanol use at current levels lowers gasoline prices by $0.26
per gallon in the East Coast region.—Duke University

Similar results from Merrill Lynch, Morgan Stanley, National
Renewable Energy Lab
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Economic Impacts

Net U.S. farm income set a new record of $118
billion in 2011

Gross crop sales topped $200 billion in 2011 for
the first time in U.S. history. Livestock receipts also
hit a record level of $166 billion

Government payments to farmers were $8.9
billion in 2011
— 11% decrease from 2010

— Lowest in 14 years
— Less than half of 2005 ($20.2 billion)

Ethanol industry supported 400,000 jobs in 2011,
generated nearly $50 billion in GDP

- RENEWABLE
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CONCENTRATION, PPM
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GHG Impacts

e Corn ethanol reduces GHG emissions by 30-40% even
with inclusion of highly uncertain ILUC emissions

LIFECYCLE GHG EMISSIONS, CORN ETHANOL
VS. GASOLINE (GREET1_2012)
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What’s Next? Near Term

* Top priority is breaking through the “E10 Blend Wall”
— E15 approved for use in MY2001 and newer LDVs

— Challenges to broad commercialization:
e Lack of 1 psi RVP waiver for E15

e Certain state regulatory barriers
 Some retailers concerned about misfueling liability

— First commercial gallons of E15 being sold in KS, IA, and
NE

* First commercial-scale [ES8
cellulosic ethanol =
facilities under
construction today






What’s Next? Long Term

e Ethanol is a low-cost source of octane (99.5 AKI)

* Meeting aggressive new fuel economy and
emissions standards will require new engine
technologies and complementary fuels

e Combination of higher ethanol blends (e.g.,
E25-E35) and new engines (downsizing, DI,
turbo-charging, higher compression, etc.) is a
strategy to enable compliance with standards
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Some of Our Needs Moving Forward

e Consensus approaches to lifecycle analysis

— Uniform framework for fair and consistent comparisons of
transportation energy options

— Standard terminology/definitions
— Standard data sets
— Regular updates to reflect technological change

— Science-based methods for treatment of “indirect effects”
for all fuels

e Research to determine optimum octane level and
other fuel characteristics needed for new engine
technologies (and ultimately new fuel specifications)
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U.S.

Summary and Conclusions

energy policy has enabled dramatic growth

in ethanol production

Ethanol growth has helped diversify U.S. energy
portfolio, reduce oil imports, stimulate economic
development, and reduce emissions

E15 roll-out and cellulosic ethanol
commercialization are current priorities

In t
ma

fuel”

ne long term, ethanol’s unique properties
e it an attractive component of the “future

needed for fuel economy/GHG compliance
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| About ePURE

Voice of the European Renewable Ethanol industry

Represents EU ethanol producers for all end-uses, e.g.
energy, potable, industrial.

Accounts for close to 90% of EU installed production
capacity i.e. around 8 billion litres.

Has world leaders amongst its 53 members: Abengoa,
< Tereos, DuPont, Novozymes, General Motors.

A Ensuring EU policies that promote the production and use
of renewable and sustainable ethanol.

PURE
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ﬁ Ethanol production and consumption in the EU (2000-2012¢)
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x Mio litres — EU ethyl alcohol consumption
9000

7200

5400

3600

1800 = §
1 1 1 111
0 i1 .04 1 1 11

2000 2002 2004 2006 2008 2010 2012e

Sources: F.O.Licht’s, UEPA, eBIO, ePURE

WWW.epU I'e.O rg 121113-16, 4th ICBS, Gaithersburg MD 8 PU RE





" EU biodiesel and ethanol production for fuel (2005-2011)
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Key conclusions from the
Member State’s projection:

O Close to 14 billion litres of
ethanol needed in 2020

O Predominance of biodiesel

O Hardly any electro mobility
or 2G biofuels

() Biodiesel @ Ethanol @ Art. 21 (2) biofuel
@ RES-Electricity @ Others

Source: NREAP
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The biofuels policy framework (04/2009)

Mandatory targets for renewable energy shares, including a
minimum 10% e/e renewables in transport target in 2020

Only those biofuels can be used, which generate a clear and net
GHG saving (compared to fossil fuel) and that have no negative
impact on biodiversity and land use

The most comprehensive and advanced binding sustainability
scheme of its kind in the world

Biofuels from wastes and residues are rewarded (double counting)

Fuel Suppliers are obliged to reduce the GHG intensity of their fuels
by 6% in 2020

ePURE





The ILUC proposal (10/2012)

O On 17 October the EC published its proposal on ILUC amending the
existing legislation

= O The 10% target for 2020 is kept BUT

» 5% cap on biofuels from food and feed crops

» biofuels from wastes and residues count double or quadruple
towards the target

» ILUC factors as reporting requirement only: 55g CO2eq/M!J for oil
crops, 12g for cereals, 13g for sugars

N
m » review in 2017 to possibly introduce ILUC factors
into the GHG calculation

» a phase out of support for conventional biofuels
indicated post 2020

www.epure.org
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O European Parliament and the Council (member states) have to
discuss the Commission’s proposal and agree on a compromise

. O We are just at the beginning...

O Time constraint: Parliamentary elections in June 2014 --> first
reading agreement

=
i

O A political agreement to be expected in 12 months from now

ﬁ Next steps in the legislative process
¥

O Both Parliament and Council will amend the proposal and the final

47
m} law will look different from the EC proposal
I
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A worker holds up a handful of paim fruit at a South-east Asian plantation and mill supplying paim o to Finnish biodiesel! giant Neste Od.
(Munghi Ahmed/Bloomberg via Getty Images)

THE HUNGER GRAINS

The fight is on. Time to scrap EU biofuel mandates.






EU ethanol and food: Where is the problem?

Ethanol is made out of several feed grains and uses 2% of all grains in
Europe (0.3% globally; net)

.
N =
»
l I -

»&@ 3 million tonnes “out of quota” (= industrial) sugar is used for ethanol (5%
B— of EU sugar production)

The animal feed co-product reduces the EU’s protein deficit: 80% of the
livestock feed is currently imported

e

“.'-\

<SR Oxfam argues that the grains for EU ethanol could feed 127 million people.
f — If globally applied a total of 15 billion people could be fed

3 / Farmers grow for real markets and not for virtual ones

Idle land increases: Every year 0.5 mha arable land fall out of production.
The EU plans to force farmers to additionally set-aside 8 mha

ePURE
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Bl Cereals and ethanol production (2012/13)

Types of cereals used Uses of cereals

() AnimalFeed @ Food

® Ry ) Exports @ Industry
Y O Seed @ Fuel ethanol
@ Losses

() Wheat ® Maize

¢ Barley
O Triticale

Source: European Commission
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V|ew of the EU ethanol industry

O The proposal is an irresponsible policy u-turn

truly advanced biofuels to come to the market

O The proposal stalls any further investments in the sector

= O Double and quadruple counting is an accountancy trick that won’t help

O If adopted the proposal would increase GHG emissions, decrease energy
security and end the EU’s sustainability path

O ILUC studies show that ethanol is the better biofuel but the proposal does
not reflect this

O The easy way out: Instead of resolving ILUC the EC limits conventional
biofuels based on unsubstantiated concerns over food and fuel

www.epure.org

O
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: Securing a mandate after 2020

The major challenge in the next five years is to secure a mandate
beyond 2020

All the noise around biofuels (killing orang-utans, causing food
price increase, depriving poor people from food, land grabbing in
Africa, ILUC, water use) has made politicians nervous about
biofuel mandates

ILUC proposal first indication of where we might be heading
towards

The unholy alliance of big oil, big food and NGOs is gearing up to
call for no new mandates
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#2: Addressing dieselisation

Fast growing diesel fleet in the EU leads to energy insecurity
EU is short on diesel and long on petrol

Dieselisation is economically and environmentally unsustainable

review of the.B’r‘ke*

(Tl i,
X

www.epure.org






ﬁ #3: Introduce E10 across Europe

O France 2009: Reluctantly accepted by French oil industry but works well:
Today 25% market share

O Germany 2011: Sabotaged by car and oil industry in Germany but today
20% market share

O Finland 2011: Today 50% of the market

O Preparing introduction in Sweden, Spain, UK and Austria

WWW.epU I'e.O rg 121113-16, 4th ICBS, Gaithersburg MD 8 PU RE





#4 Getting beyond E10 - breaking the blend wall

EU standards do not allow more than 10% ethanol by volume in gasoline

on the environment of biodiesel, more than E10 will be needed to
achieve the targets in 2020

O E20 brings environmental and air quality benefits:

= Considering the limitations on biodiesel use in cars, the adverse impact

Less energy consumed per km driven compared to gasoline
» helps to significantly reduce CO2 emissions

regulated and unregulated emissions are lowered (NOX, benzene, CO,
HC, particulate matters)

0 Standardisation work needs to start asap
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ﬁ Summary

O EU ethanol production is still growing, but to grow further we need 3
things: stability, stability, stability

O EC’s policy u-turn undermines investor’s confidence in both 1G and 2G

O EU ethanol production does not negatively effect global food availability
and must thus not be punished through a cap

O To create long term visibility, we need:
» a post 2020 mandate

» alevel-playing field in terms of taxation

» E10in the whole of Europe

» aroadmap for developing an E20/25 standard

WWW.epu re.o rg 121113-16, 4th ICBS, Gaithersburg MD 8 PU RE






Thank you for your attention!

gaupmann@epure.org

ePURE

european renewable ethanol

www.epure.org
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Brazilian experience in ethanol fuel:
guality aspects and distribution
logistics
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Disclaimer

FORWARD-LOOKING STATEMENTS:

The presentation may contain forward-looking statements about future events within the meaning of Section 27A of the Securities Act of 1933, as amended, and
Section 21E of the Securities Exchange Act of 1934, as amended, that are not based on historical facts and are not assurances of future results. Such forward-
looking statements merely reflect the Company’s current views and estimates of future economic

circumstances, industry conditions, company performance and financial results. Such terms as "anticipate”, "believe", "expect”, "forecast", "intend", "plan”,
"project”, "seek", “should", along with similar or analogous expressions, are used to identify such forward-looking statements. Readers are cautioned that these
statements are only projections and may differ materially from actual future results or events.

Readers are referred to the documents filed by the Company with the SEC, specifically the Company’s most recent Annual Report on Form 20-F, which identify
important risk factors that could cause actual results to differ from those contained in the forward-looking statements, including, among other things, risks relating
to general economic and business conditions, including crude oil and other commodity prices,

refining margins and prevailing exchange rates, uncertainties inherent in making estimates of our oil and gas reserves including recently discovered oil and gas
reserves, international and Brazilian political, economic and social developments, receipt of governmental approvals and licenses and our ability to obtain
financing.

We undertake no obligation to publicly update or revise any forward-looking statements, whether as a result of new information or future events or for any other
reason. Figures for 2012 on are estimates or targets. All forward-looking statements are expressly qualified
in their entirety by this cautionary statement, and you should not place reliance on any forward-looking statement contained in this presentation.

NON-SEC COMPLIANT OIL AND GAS RESERVES: CAUTIONARY STATEMENT FOR US INVESTORS
We present certain data in this presentation, such as oil and gas resources, that we are not permitted to present in documents filed with the United States
Securities and Exchange Commission (SEC) under new Subpart 1200 to Regulation S-K because such terms do not qualify as proved, probable or possible

reserves under Rule 4-10(a) of Regulation S-X.
e —
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\W"ﬁ' e Introduction

The reduction in the availability of fossil fuel is a growing
concern. This fact has made the search for alternative fuel
(biofuel) sources increasingly important.

B —

The dominant biofuel in many
countries is ethanol. Ethanol has been
used as blend component in gasoline
or as pure fuel.

Thus, ethanol quality at the distribution
system is routinely required.
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Introduction

e ETHANOL AND BIODIESEL PRODUCTION, 2000-2011
v' Biofuels energy g 36.5
80 Biodiesel 73.1
share of global final f
- 495
energy consumption s W 59.2
(2010): 0.7% LA owe M 214
o | g Tl 19 24 38 03 o——0
v’ Biofuels usage of /
global road transport Ethanol
production  hiion
(2011) 3% 2[”1 Iiters
1 United States 637
2 Brazil 24%
u 5 China -
4 Canada
Source: Renewables 2012 Global Status Report h France
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Ethanol/Sugar cane Industry:

Brazil

v Ethanol suppliers = 514 (10/2012) ©

v Area planted = around 10 millions of hectare; less than 1%
of Brazil total area (2011/2012)

v’ Participation in the Brazilian energy matrix (2011) = 4.7%

(ethanol) 11.9% (bagasse) @ Haral Gas Others Transport:
2% . :
Aviation fael (QAV) 6% Brazil
4,700
Ethanol
14,1%
Diesel
47,3%
e ——— E—— Gazoline ® * Gasoline without
(1) www.anp.gov.br 27,2% Ethanol

(2) https://ben.epe.gov.br/
Note: Road Transport — AE 8.4 % HE 12.2 %





Ethanol/Sugar cane Industry:
PETROBRAS

_ 10 units:

v Guarani (Tereos): 7 SP
and 1 Mozambique

\ Total Agroindustria:
Bambui/MG

' Nova Fronteira
BioEnergia (Group Sao
Martinho): Quirinépolis/GO

Total production: 1.3
billion liters of ethanol per
year
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\\\\\\‘* Current Logistics

.r

PG

DistrEbethion
N

HE = hydrous ethanol (<7.5%m/m H,0, to use as straight fuel); AE = anhydrous [Zldd PETROBRAS
ethanol (<0.7%m/m H,O, to blend in gasoline) ; GC = Gasoline with AE





Current Logistics:
Road Transport
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Current Logistics:
Railroad Transport
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Dutos e Terminais
operados pela Transpetro

OSRIO

mr— OPASA (512 km)
e (99km)
oo \  Ribeirao Preto 4
_:j::' n :'f Padinia f
it 'l'-l:ll'tl hﬁll‘dl
Barueri - /
‘ Aligr s
o Caetano do Sul R deilei
Sao Sebastido
Pipeline — 7,100 km (different liquid Tpit
fuels) — 876 km (ethanol) o
Pipelines are not exclusive for ethanol st e Frariclsco dio Sol
(for ex. OPASA-99 km, OSRIO-512 km, S Joinville TS~
OPASC-266 km). L g OPASC
) | =2 (266 km)

Floriandpolis

Current Logistics:
Pipeline

Barn

Cabitna

‘* mgos Elisios
::- hal} ejaw
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Future Logistics:
Logum

T
gl
."I:-‘"l'_'. oy
x -?".,_:;:':1 .
. r!‘ 1 .:.:‘- b .
bt ey

K ' ..'i.'l'.'-

Logum Logistics SA (since March 2011) - responsible for the construction
and operation of the Ethanol Logistics System (logistics, loading,
unloading, handling and storage, operation of ports and onshore terminals
and waterways) that involve multimodal transport: pipelines, waterways
(barges), highways (trucks) and coastal (vessels).

system.

Logum forecasts the creation of pipelines .

and waterways which will operate in I gum
conjunction with the existing distribution oo

The project is being funded by BNDES, and S

Is part of the PAC - Growth Acceleration
Program - sponsored by the Federal : o
overnment. 3 /s






Future Logistics:

) Logum
= _—
=
il
Terminal s Pipeline wew \Vaterwavy m =8 Storage (e Distribution
QUIRINGPOLIS
era

135
e E "ma TUMBIARA SLEan

246 km ’ UBCRAGA L

APARECIDA, Paulini2}

DO TABOADD gf 136 km
] E RIBEIRAC PRETO ?F?E:I;’i‘a“
: + E it ket 208 km Guararema)
%— 132 Win: PALLINIA _ DUGUE DE CAXIAS
] SAD JOSE

PRESIDENTE f#‘
EPITACIO E m DOS CAMPOS OSRIO A

-

ANHEMEI = i
OPASA 215 km @'

[ [LHA D'AGLA,

B @ & __@ O Bmmumﬁmaa

BEARUERI I
GUARULHOS GUARAREMA »
LT

N

Pipeline — 1,300 km ; Storage — 1.2 billion liters of ethanol ;

Capacity to transport up to 21 billion liters (21 millions m3) of ethanol per year





Future Logistics:
Logum
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Ethanol Quality

Monitoring of ethanol storage, transport and distribution is

Important to keep the ethanol quality till the final consumer.

L] PETROBRAS





\\\\\# - Ethanol Quality

; .H"l e

To monitor the ethanol quality, some fuel sampling points are indicated:

v’ storage tanks

v’ pipelines (at pumping units - beginning, middle and end of pumping
ethanol)

v’ gas station

v" ship, if applicable

\/—\
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Anhydrous Ethanol Hydrous Ethanol

Characteristics Analytical Method
(EAC) (EHC)
Appearance - Limpid Limpid Visual
Color - Orange with dye* Without dye Visual
Total Acidity (as acetic acid) mg/L <30 <30 NBR-9866 (or 16047)
Electrical Conductivity uS/m <350 <350 NBR-10547
Density (20°C) kg/m3 <7915 >807.6 and <811.0 ASTM D-4052 NBR-5992
Alcohol Content % m/m >99.3 >92.5and <93.8 NBR-5992 or 15639
% viv >99.6 >95.1 and < 96.0
ASTM D-5501 (or NBR
Ethanol Content . % viv >98.0 >94.5
16041)
. . - NBR-10891
Hydrogen ionic Potential (pH) - Not specified >6.0and < 8.0
NBR-15531 or 15888
Water Content . % viv <04 <4.9
chromatography (or NBR
Methanol Content . % viv <1 <1
16041)
Evaporation Residue .. mg/100mL <5 <5 NBR-8644
Hydrocarbons Content .. % viv <3 <3 NBR-13993
lon Chloride (ClI-) mg/kg <1 <1 NBR- 10894
lon Sulphate (SO, 2) ... mg/kg <4 <4 NBR- 10894
Iron (Fe) ... mg/kg <5 <5 NBR-11331
Sodium (Na) .. mg/kg <2 <2 NBR-10422
Cupper (Cu) ... mg/kg <0.07 Not specified NBR-11331

* all anhydrous ethanol must have an orange dye (15 mg/L) to prevent water adulteration.

17





Characteristics

Directly Specified

i Indirectly Specified

Vehicle

Performance

Vehicle

Protection

Fuel Quality

Control

Appearance . Transport Contamination

Color : Transport Contamination
. Production Quality and/o

Total Acidity < Q Y \l\

orrosion

Transport Contaminatiﬂl/

Electrical Conductivity

Corrosion & ®eposit Formation

Production Quality and/or
Transport Contamination

Density

Drjvability (Air/Fuel Ratio)

Alcohol (Ethanol) Content

Drivability (Air/Fuel Ratio)

Transport Contamination

Hydrogen ionic Potential

Corrosion

Water Content

Drivability & Fuel
Consumption

\_/

Production Quality and/or
Transport Contamination

Methanol Content

uel Consumption (Energy
Content) /

Transport Adulteration

Evaporation Residue

Transport Contamination

Hydrocarbons Content

Transport Contamination

lon Chloride (CI-)

orrosion

Transport Contamination

lon Sulfate (SO, 2?)

@osion & Deposit For@

Production Quality

Iron (Fe) Wormaﬁo Wear
Sodium (Na) " < Corrosion eposit Formati Production Quality
I . .
posit Forma (Catalyzes the
Cupper (Cu) | midaﬂon )
1
1

:C3 — C5 Alcohols
:Content

Fuel Consumption (Energy
Content)

ANFAVEA - Brazilian Vehicle Manufacturers Association





Ethanol Quality:

Main parameters

= I....rﬁ1_h-__- . #-I. R ._ -ul.1 ¥
Producer/Provider (Quality Distribution (Accordance Pipelines and trucks
Certificate) 1un Bulletin) s (extra)s
v’ Color and Appearance v’ Color and Appearance v’ Color and Appearance
v’ Total Acidity v' Electrical Conductivity v’ Density
v" Electrical Conductivity v Density v" Alcohol Content
v’ Density v" Alcohol Content v Hydrocarbon Content
v’ Alcohol Content v pH
v pH v Evaporation Residue Importation
e : °
v Sulfate Content (pipeline — waterway transport) v Resolution ANP n°7,
v’ Hydrocarbons Content 9.2.2011
v" Iron Content o
(pipeline — waterway transport)
v Sodium Content v’ Chloride Content (waterway
upper Content transport)
Note: Water, Ethanol, Methanol Content are done in case of quality doubt w PETBROBRAS

ANP (Agéncia Nacional do Petroleo, Gas Natural e Biocombustiveis)





Ethanol Quality:

Phase separation

Ethanol-gasoline blends are more likely to phase separate : “ethanol-water
vS. gasoline”

Factors that affects phase separation: Ethanol amount, gasoline
composition (olefins and aromatics), temperature

Tanks and pipelines must be cleaned before receive ethanol

To minimize the risk of water-induced phase separation of ethanol-
gasoline blends, anhydrous ethanol is blended into gasoline at the
distribution terminal, closest to the gas station as possible, rather than
distributing it through pipelines (never ships any blended fuel in pipelines,
only ethanol)

K/_\
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Ethanol Quality:

Poliduct transport

T,

—> Ethanol . Gasoline






Ethanol Quality:

Poliduct transport

AT

Gasoline

VAL A A

Ethanol






Ethanol

Ethanol

4R

Ethanol Quality:

Poliduct transport

Gasoline






Ethanol Quality:

Poliduct transport

AT

Gasoline






Ethanol Quality:

Storage and materials

o
e
A ..‘.!-._:;:1 :
"L AR s
< e 'H'n-"-

-
E

Materials:

v' Zinc, lead, aluminum, and brass: not indicated

v’ Stainless steel, carbon steel with or without epoxi, glass (colored):
indicated

v’ Carbon steel: applied at gas station and pipelines (Brazil)

Tanks:

v" To avoid water incorporation - floating ceiling
with dome or fixed ceiling with floating membrane

v'Epoxi NOVOLAC: applied for tank painting

I:h‘i PETROBRAS






Ethanol Quality:

Corrosion

o
it e
""'.‘":-_-' oy ¥
. -?".,_.:;:':1 .
fi r'! o _:':‘F !J' ¥
. i P g

-
E

Ethanol presents low corrosion, but the
Impurities and water provides corrosion.

For sugar-cane ethanol:
v'Stress Cracking Corrosion (SCC): not observed
v’ Pitting corrosion: not observed

v Uniform corrosion: observed in some cases *

\/—\

I:h‘i PETROBRAS





AR .. = Ethanol Quality:
\\W\‘ "““ " Inert gas vs. N,

.r

1

Inert gas: O, amount normally less than 8%vol. and CO, around 15%vol.

Ethanol absorbs CO,: increasing acidity

Nitrogen gas: Nitrogen 99.9%

Recommended for ethanol transport by ship

\/—\
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. = Ethanol Quality:
\\W\‘ “ | SHERCINERSS

N

Important issues to be observed:
v’ cleanness

v’ material type

v minimize water accumulation
v' nitrogen gas for inerting ships

v monitor the ethanol quality in the system (color, appearance, etc.)

\/—\
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Corrosionissues of ethanol blends
and the effect of water

Hans Keuken, CEO

4th International Conference on
Biofuels Standards

Gaithersburg, Maryland USA
November 13 - 15, 2012






Composition of ethanol containing fuels

Code . ES5 E10 ’ E100
Composition | _ _ ~5.3% water
, max % anhydrous
| arlngelials ethanol ethanol
 ethanol
min 95% min 90% min 85% min 75%
gasoline gasoline gasoline gasoline
gasoline
Countries Western USA today 2010 USA Brazil USA / Brazil
Europe (Western EPA . Europe
today Europe in approval :

near future) cars > 2000

_________________________________________________________________________

Gasoline blends for Flex Fuel

use in regular cars Vehicles





PDC

Two basic types of corrosion

® Electrochemical corrosion “wet corrosion”

Facilitated by conductivity especially in case of
phase separation and the formation of a water
layer in low blends (<E10)

Corrosion at the bottom of a tank
after phase separation of water
Source: METI, Japan

® Alcoholate (alkoxide) corrosion “dry corrosion”

“dry” alcoholate corrosion of a cast Al-alloy in an E10 gasoline blend

bbb bds b

: TECHNISCHE V7
Source: =\ UNIVERSITAT ﬁpﬁ 7 Fraunhofer /@SZ

DARMSTADT i LBF

PDC copyright 2012
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Terschel, DGMK (German Society for Petroleum and Coal Science and Technology) report 645 (2005)

PDC copyright 2012






turbidity temperature °C

Phase Stability Ethanol Blends Continued

weight% water on ethanol

Data points: Terschel, DGMK (German Society for Petroleum and Coal Science and Technology) report 645 (2005)

PDC copyright 2012
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Wet Corrosion Tests by Sasol

® Sasol’s “wet corrosion” tests (ASTM D665) of E2 and E10 on
aluminum parts.

° Wet corrosion is corrosion in the presence of water

® Sasol found:

e  Both the base gasolines as well as the ethanol containing fuels (at 2% ethanol
content) were corrosive during the wet corrosion test.

e  These fuels required additisation in order to prevent wet corrosion.

e At 10% ethanol (bioethanol and synthetic ethanol) none of the fuels were corrosive in
the wet corrosion test.

Presented at the XVIII International Symposium on Alcohol Fuels
(Delhi — India ISAF 2010)

PDC copyright 2012






Wet Corrosion & Phase Separation

ETHANOL

GASOLINE WATER

Weight Percent Gasoline

PDC copyright 2012






Capture H20

PDC copyright 2012





Conductivity E10’s adding salt water

Salt Water E10, dry E10, 0.2% water E10, 0.5% water
Test by SGS last week
0.10% 0,003 0.010 0,015 to see if more hydrous E10
picks up more salts?
0,20% 0,015 0,008 0,010
0,30% 0,006 0,010 0,011
0,40% 0,015 0,009 0,010 salt drops out
0,50% 0,203 0,009 0,012 free water
0,60% 0,276 0,009 0,012
0,70% 0,259 0,009 0,012
0,80% 0,201 0,020 0,013
0,90% 0,185 0,018 0,013
1,00% 0,182 0,018 0,012

PDC copyright 2012






Conductivity E10’s adding salt water

Conductivity E10's adding salt water

0,300

RN

0,250

> —E10dry
£ 0,150
= —E10, 0.2% water
3 ——E10, 0.5% water
§ 0,100

0,050 /

e ———
0,000 = ‘  — ‘ ‘ ‘ |
0,00% 0,20% 0,40% 0,60% 0,80% 1,00% 1,20%
0,050

% salt water (3 gram/liter) added

PDC copyright 2012






Dry Corrosion Research Japan (JARI)

— SAE paper 2005-01-3708 Appendix 3.1 Copyright © 2005 SAE International

Test material : A1050

Before After Naphtha nP50 iP50 nB50 iB50
- n rg :
Complete Complete Complete Complete
dissolution dissolution dissolution dissolution
Test material : A6061

Before After Naphtha E50 nP50 iP50 nB50 iB50

n=>

Complete Complete
dissolution dissolution
Test material : ADC12
Before After Naphtha E50 nP50 iP50 nB50 iB50

El-

Appendix 3.1 Photographs of the immersion test results using a single alcohol fuel.
(Alcohol content : 50%, Water content : 150ppm).

Complete
dissolution






D
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. . . E50 with E50 with E50 with E50 with
Material in Gasoline
Type 150 ppm water 500 ppm water 2000 ppm water 10.000 ppm water
fuel system 100% " *
(overall) * (overall) (overall) * (1%, overall)

Aluminum A1050 OK complete dissolution complete dissolution complete dissolution OK

Aluminum A6061 OK complete dissolution complete dissolution OK OK

Aluminum ADC12 OK reduction in mass reduction in mass OK OK

Steel change in surface OK OK OK change in surface

Copper change in surface change in surface change in surface change in surface change in surface

Nickel OK oK oK oK OK

Zinc OK change in surface change in surface OK change in surface

Tin OK change in surface change in surface change in surface OK

Legend: oK No change observed
change in surface change in color for instance, but no reduction in mass
*

1 vol% overall water in E50 means a concentration of 2 vol% water in the added ethanol






Alcoholate (dry) corrosion of aluminum

Alcoholate corrosion of aluminum

07 TECHNISCHE
{7/~ UNIVERSITAT
9’ DARMSTADT

» Refers to the chemical corrosion of metals in the presence of fuel
alcohol containing fuel blends

» Alcohols can react with aluminium alloys, lead and magnesium
with the formation of alkoxide or alcoholate corrosion products

3C,HsOH + Al — (C,Hs0)Al + 3/2H, (1)
(C,Hs0);Al + 3H,0 — AI(OH); + 3C,H.OH  (2)
(C,Hs0);Al — AlLO; + 6C,H, + 3H,0 (3)

(1) alcoxides (alcoholate) get hydrolyzed (2) or decomposed (3)

Damaging process may progress rapidly and

iIs accompanied by an increase in pressure Alcoholate
due to hydrogen formation corrosion of Al

- e
1V PA 7a
September 11th 2012 | Institute for System Reliability and Machine Acoustics (5zM) | K. Bauer | 4 m”‘% Fraunhofer eS\ZM
4 LBF






Technical temperature threshold {57 TECHNISCHE
Influence of EtOH-content @ T3 NVERSITET
110 Observations:

% 100 - Al99,5 / AlISi9Cu3
3 30 drop of threshold with

g 80 increasing EtOH-

g— 70 content

o

s 0 ~ AIMn1 / Alusil

% 50 highest threshold for

% 40 E20, lowest E85

30 - E10 £20 ESS — Lowest overall

AI99,5 90 90 20 threshold for cast

B AISi9Cu3 90 70 60 Alusil / E85

mAMn1 90 100 80

W Alusil 70 80 50

September 11th 2012 | Institute for System Reliability and Machine Acoustics (SzM) | K. Bauer | 8 in’,, ﬁ Fraunhofer QI\M
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Technical temperature threshold
Influence of water-content

Starting temperature: Starting temperature:
10 °C above the highest temperature level with Al99,5 AlSi9Cu3
assured alcoholate corrosion = water addition, until no | g10: 130°c | E10: 120°C
alcoholate corrosion occurs at this temperature level. E20: 130°C | E20: 110°C
E85: 120°C | E85: 100°C

= Inhibition of alcoholate corrosion by water
additions is possible, but....

4000
— . 3500 + o
@) . E V+AL -
o, 0 — ho corrosion S 3000 + 7
L X - corrosion = 2500 " /7
2 % i H/Q%
© L 2000 + Toan
— c
Q 3 1500 + Za—
% X » X > 0 & 1000
= ©

=
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Water content [ppm] E10 E20 E85

VP = 7a
September 11th 2012 | Institute for System Reliability and Machine Acoustics (SzM) | K. Bauer | 10 mr,‘ﬁ Fraunhofer I@M
4 LBF






| m Effect of water on alcoholate corrosion J

A little water works
as fluoride in
toothpaste and
avoids corrosion

PDC copyright 2012






ppc| - “Water Injection”
——~ T70years proven technology!

2010
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Energy efficiency in a modern down sized turbo
charged Volvo S60 T4F (Flex Fuel Vehicle)

2,65
4 Normal Distance B Long Distance
2,6
L 4
- \
2,5 ¥ PN ®
=
< 245 *
o L 2
8 2,4 * & -
c L 4
> ®
2 2,35
S
2 23 * * o
co >0
2,25
‘ \
2,2 ~g
2,15 T T T T T T
0,00% 1,00% 2,00% 3,00% 4,00% 5,00% 6,00% 7,00%
Water fraction (vol)

PDC copyright 2012






“Water injection” effect on mileage
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Hydrous E15 (hE15) sold at public pumps in

the Netherlands since 2008
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Revision of Hydrous ethanol standard
(NTA 8115) for E10+ blending

Property Unit Limits Test method ®
Minimum | Maximum | (See Clause 2. Normative

references)
Ethanol content % (m/im) 83,0 EN 15721
Methanol content % (m/m) 0,5 EN 15721
Water content” % (m/m) at 2% 6,1 EN 15489
EN 15692
pH*® 6,0 8,0 EN 15490

ASTM D 6423
NBE 10891

Total acidity (expressed as acetic acid) d mag/l 40 ASTM D 1613
EN 15492

or

30 ¢ NBR 9866
Electrical conductivity ® pSicm 3,5 EN 15938

ASTM D 1125

Appearance Clear and bright Visual inspection '

Inorganic chloride content mg/kg 1.0 EN 15492
Sulfate content mg/kg 4.0 EN 15492
Phosphorus content © ma/kg 0,2 EN 15487
EN 15837
Involatile material content " mg/100m| 5 EN 15691
NBR 8644






Conclusions

®@ E10inthe USis probably less corrosive than E10 in Europe due to
a higher water content in the ASTM D 4806

® We need a minimum water content in the fuel ethanol for direct
blending of E5, E10 and higher blends to avoid alcoholate
(alkoxide) corrosion.

® \We also need to set a maximum water content for E5, E10 and
higher blending applications to ensure that we do not run into
phase separation issues.

® More hydrous ethanol blends do not pick up more contaminants.
They are less hygroscopic and part of the overall water tolerance
Is already filled up with clean distilled water.

® \Water injection has a positive effect on the Well to Wheel energy
efficiency and reduces overall emissions.

PDC copyright 2012
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