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Regulation of More Efficient Vehicles

EPA and NHTSA Set Standards to Reduce Greenhouse
Gases and Improve Fuel Economy for Model Years
2017-2025 Cars and Light Trucks — August 2012

» Average industry fleetwide level of 163 grams/mile of
carbon dioxide (CO,) in model year 2025,

e Equivalent to average fleet fuel economy of 54.5 mpg

e Greenhouse gas emission limit will be met mainly by
Increasing vehicle fuel economy

http://epa.gov/otag/climate/documents/420f12051.pdf
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Research Challenges: Fuel Economy Standards

miles per gallon equivalent
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Research Challenges: Global Targets
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Figure: Global Comparison of LDV Fuel Economy/GHG Emissions Standards (ICCT;August 2011)

2020 Fuel Efficiency Standards

E.U. 64.8 mpg
Japan 55.1 mpg
China 50.1 mpg
U.S. 49.6 mpg
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Portfolio of Technologies Leading to 54.5 MPG

Turbo-charging, direct fuel
injection, downsized

Degree of electrification
(power electronics & Variable cylinder mgmt Improved aerodynamics Diesel, alternative
energy storage ) fuels, H2, etc.

National Renewable Energy Laboratory Innovation for Our Energy Future





Internal Combustion Engine (ICE) Vehicles Have Room for Improvement

Innovation for Our Energy Future
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Approaches to Increasing Engine Efficiency

e Engine downsizing

« Smaller engines operating at low-speed and higher
load are more efficient

e Optimized with 6 to 9 speed transmission

e Turbocharging
* Recovering energy from the engine exhaust
e Required for engine downsizing

e Direct injection

* Fuel evaporates in the combustion cylinder, cooling
the air-fuel mixture

 Also required for engine downsizing

 Increased compression ratio
» Greater thermodynamic efficiency

National Renewable Energy Laboratory Innovation for Our Energy Future





Lower Fuel Consumption at Low Speed — High Load

Most knock limited
region — and highest
fuel economy
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Effect of Increasing Compression Ratio

increasing S
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Compression ratio

*Higher compression ratio yields higher temperature and hence
higher efficiency

*An optimal CR exists (typically in the teens) and depends on other
engine design features (primarily piston bore size)

eCurrent engine CR about 10 or lower

Toyota, Aachen Colloquium October 2010
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Octane Number and Engine Knock

* ON Is a measure of resistance to autoignition caused by high
temperature and pressure

 Autoignition is knock and can damage the engine
* Higher ON is required for higher CR, turbocharged engines

* Measured using methods developed in the 1920:

* Research Octane (RON) — cool and slow
» Best predictor for small modern engines

* Motor Octane (MON) — hot and fast

RON MON AKI ;

Typical US Regular 92 83 87.5 USA: Anti-Knock Index
AKI =[R + M]/2 > 87

Ethanol 109 90 99.5
Isobutanol 105 90 97.5
Iso-octane 100 100 100 EU: RON > 95
n-Pentane 62 62 62 .
Toluene 118 104 111 China: RON > 90

National Renewable Energy Laboratory Innovation for Our Energy Future





Blending Ethanol Increases RON
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« Ethanol significantly increases RON
» Especially at lower blend levels in low octane gasoline
* One of the higher ON streams available for gasoline blending

National Renewable Energy Laboratory
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Efficiency Benefits of Increased CR and RON

Effect of CR and RON on Efficiency
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Heat of Vaporization Effect

 For direct injection engines fuel evaporation occurs in the
cylinder — cooling the charge and reducing knock tendency

 Alcohols have significantly higher heat of vaporization (HoV)
* Not captured by ON measurements
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274-281 (2011) 594 (2012)
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Ethanol has High “Effective” RON

SEPARATION OF CHARGE COOLING AND OCTANE
EFFECTS ON KNOCK LIMIT
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Ethanol to Blend Advanced Fuels

PROJECTED GLOBAL FUEL ETHANOL PRODUCTION
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Sources: 2012 EIA Annual Energy Outlook (U.S.); FAPRI-ISU 2011 World Agricultural Outlook (All other countries)
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Research Recommendations

Focus efforts on newest engine technologies

— Turbocharged DI engine data is limited

» Sequential turbocharging with two stage cooling; cooled EGR at
all loads.

— Range of engine bore size and power
— Efficiency and knock limits
— Define ON and HOV requirements

Developing rational fuel specification
— Meaningful property measurement methods
— Related to combustion performance

— Encompass both chemical knock resistance and charge
cooling

— Distillation curve and driveabillity effects

National Renewable Energy Laboratory Innovation for Our Energy Future





Summary and Conclusions

« Ethanol has unique fuel characteristics
— High octane
— High heat of vaporization

« Ethanol has a high Effective RON

* Properly formulated ethanol/hydrocarbon blends
provide fuel characteristics required by advanced
engines

« Advanced engines using advanced fuels provide
greater vehicle efficiency

— Increase in miles per gallon/kilometers per liter
— Considerable reduction in GHG

* Bioethanol enables advanced, high efficiency

engine technologies

National Renewable Energy Laboratory Innovation for Our Energy Future
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Sustainable bioenergy in Brazil
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Biofuels in the World






Bioenergy in Brazil

Biomass is one of the main alternatives for renewable energy generation in
Brazil

Sugarcane bioelectricity represents 2% of the Brazilian electricity matrix.

Complementarities: cane harvest occurs during the dry season, when
hydroelectric reservoirs are low and marginal sources of electricity are
needed.

Brazilian Energy Mix (2011)
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Sustainability Indicators

* 430 mills * 61 to 91% CO2 reduction 70,000 sugarcane growers

« US$ 48 billion in annual (compared to gasoline) « 1.2 million jobs
revenue (2% of the GDP) * Expansion over abandoned | « Ryral development

« US$ 15 billion in exports pastures « Social inclusion

- Cogeneration of electricity | * Increased harvesting
mechanization

Ethanol consumption between 1975 and 201 | replaced 330
billion liters of gasoline;

No competition between biofuels and food production: 50%

of gasoline consumption was replaced by ethanol produced on 1.4%

of the Brazilian arable land, while food production has doubled in the
last decade;

Ethanol use in Brazil prevented 850 million tons of CO2
emissions over the last 30 years.





Land use in Brasil

To_tgl Area Protected Areas Arable Land Others
(Million Ha)

Million Ha
Pastures
1B Crop Land
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Sugarcane Agroecological Zoning

Excludes sugarcane production
in the most sensitive biomes,
such as Amazonia and Pantanal.

Excludes the clearing of native
vegetation for sugarcane
expansion

Authorized areas for sugarcane
expansion: 7.5% of the Brazilian
territory (64.7 m hectares).





SUGARCANE IN BRAZIL: HARVESTED AREA, ETHANOL & SUGAR PRODUCTION

While sugarcane area increased 113% since
MR 90/91, ethanol has increased 138% and sugar
around 416%

30,000 |
25,000 7
20,0080
Annual growth rate
15,000 4.4% in the last 20
years
10,000 1
5000 4

a0fal 9192 9293 93094 94/95 9596 6T 97/9 9899 99700 0001 0102 O2MN3 03 0405 OSA0E 067 O7ADE OE0S 0510 1011
I Harvested Area (000 ha) —itthamol Producton |mim iners) —Sugar Producton (000 tons)

Saurces: |BGE {3010] and UNICS. Prepared by UMICA
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GRAINS™ IN BRAZIL: HARVESTED AREA & PRODUCTION

A Production of food doubled in the last

180,000 decade mainly due to yield gains

160,000

140,000 .
Production

of grains

120,000
100,000
80,000

60,000 /\/_/

40,000

20,000

1950 1991 1992 15993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

B Harvested Area ("000 ha) Production ('000 tons)

Source: IBGE (2010)
Motes: 2010: estimated data.®Grains include rice, corn, wheat, soybeans and beans.
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Brazilian Biodiesel Production (‘000 liters)

Producao de Biodiesel no Brasil (mil litros)






o

odiesel — participatic
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Evolugao do niimero de estabelecimentos da agricultura
familiar participantes do PNPB no Brasi de 2005 a 2010
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US and EU markets

Brazilian sugarcane ethanol granted “advanced
biofuel” status by EPA — 61% to 91% CO?2
emissions reduction;

98 mills certified to export to the US
EU RED number for sugarcane ethanol: 717% CO2
emissions reduction (without ILUC);

|2 mills certified with BONSUCRO (Better Sugarcane
Initiative).






New developments/trends

Revamp of ethanol production in 201 3;

Cellulosic ethanol: first commercial plant in the NE
Funds from the National Development Bank (PAISS Program): US$ 500 million.

GraalBio plant in Alagoas - 82 million litters/year.; US$ 150 million investment.

Aviation biofuels (R&D);
Increase in biodiesel production;

New products (bioplastics, biochemistry)

Braskem: bioolymers (Green Polyethylene)






Thank you

Emerson Kloss

drn@itamaraty.gov.br
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VOLVO

An Automotive Perspective on Biofuels
- Quality and Standards

Anders RO
Fuels and Lubricants
Volvo Group Trucks Technology

4th International Conference on Biofuels Standards: Current Issues, Future Trends
November 13-15, 2012, Gaithersburg MD





The Volvo Group

Volvo Trucks Renault Trucks UD Trucks Mack Trucks Eicher *

Construction
Equipment

Volvo Penta Volvo Aero Financial Services

A

Buses

L
&
-

AN

*) 50% of the joint-venture company with Eicher Motor Limited was consolidated in the Volvo Group from August 1st 2008

Volvo Technology Corporation 4th International Conference on Biofuels Standards
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EU emissions legislation - On-road vehicles

EVOLUTION OF EMISSION STANDARDS ACEA
PASSENGER CARS TRUCKS

@ Petrol Nox 0%

@ Diesel PN

@ Diesel Nox
@ Diesel PM

60%
0%
E E
L |
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Volvo Technology Corporation 4th International Conference on Biofuels Standards
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Primary emissions reduction options — Heavy Duty

EGR = Exhaust Gas Recirculation Incre B
SCR = Selective Catalytic Reduction fue| Ng sensitjyi
DPF = Diesel Particulate Filter Quality ity to

US’'02 US’'04 US’o7 US’10

EGR — EGR — EGR — EGR —
SCR — 2
DPFE — DPF —

Euro IV Euro V Euro VI
EGR —
SCR — SCR — SCR — ?
DPF
Volvo Technology Corporation 4th International Conference on Biofuels Standards VOLVO
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Importance of Fuel Quality

e The fuel is an engineering element - an essential part
In the engineering process

- choice of materials: metallic materials, polymers, lubricants...
- the fuel properties dictate limits for engine calibration and
optimisation: emissions, power output, driveabillity....

e The fuel is an integrated part of the quality assurance
system

- technical functionality and performance: we have a responsibility
towards our customers

- emissions: no deterioration over engine life (in-use compliance)

- warranty issues

Volvo Technology Corporation 4th International Conference on Biofuels Standards

Fuels and Lubricants, Anders Roj VOLVO





Importance of Fuel Quality

e How to secure good performance over the whole engine
life?

- vehicle manufacturers should give clear instructions on what fuel to use

- our customers should always use specified/recommended fuels.

- the fuel marketers (oil-companies) should always and everywhere provide
good quality fuels.

Key to success:
standardisation and international harmonisation

Volvo Technology Corporation 4th International Conference on Biofuels Standards
Fuels and Lubricants, Anders Roj VOLVO





Important Automotive Fuels Standards — Europe

Fuel ISO (Global) | CEN (Europe) SIS (Sweden)
Gasoline EN228 SS-EN228
Diesel Fuel EN590 SS-EN590
Diesel Fuel “Env. Class 1” SS-155435
LPG EN589 SS-EN589
FAME (biodiesel) EN14214 SS-EN14214

- B10, B30 - work on-going

Ethanol

-up to 10% in gasoline EN15376 SS-EN15376

- E85 PrEN15293 SS-155480

- ED95 (diesel engines) SS-155437
Methane

- b|OgaS EU mandated worked SS-155438

- natural gas ISO 15403 on-going in TC408 SS-EN 1SO15403
DME TC28/SC4/WG13

Hydrogen (for FC)

ISO TS14687-2:
2008

(monitored)

Methanol (for FC)

Volvo Technology Corporation
Fuels and Lubricants, Anders Roj

(monitored)
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Match between Emissions Legislation and Fuel Quality is mandatory

- the European Developments

pre 1993

1993 Euro 1
1996 Euro 2
2000 Euro 3
2004 Euro 4/ IV
2009 Euro 5/ V
2013/14 Euro 6/ VI

Gasoline: benzene, lead
Diesel fuel: sulphur

Gasoline: benzene, lead
Diesel fuel: sulphur

Gasoline: benzene, lead
Diesel fuel: sulphur

Dir 98/70/EC
Environmental parameters!

revised: 2003/17/EC

revised: 2009/30/EC
All gasoline and diesel fuel
<10 ppm sulphur!

revised; xxxx?

only national standards

EN228:1993 (gasoline)

EN590:1993 (diesel fuel)
First European standards!

EN228:1996
EN590:1996

EN228:1999
EN590:1999

EN228:2004
EN590:2004

EN228:2008 (revision on-going
PrEN228:2012)

EN590:2009 (revision on-going
prEN590:2012)

EN228:yyyy
EN590:yyyy

Volvo Technology Corporation
Fuels and Lubricants, Anders Roj

4th International Conference on Biofuels Standards
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World Wide Fuel Charter (WWFC)

The Automotive industry’s guiding document towards

ETHANOL

improved and harmonized market fuel quality

(gasoline and diesel fuel)

Latest version from Sept 2006,
next revision in progress, target for

finalization: by end 2012

Gasoline and diesel fuel quality in four quality

levels (Category 1,2,3,4), to match emissions
requirements (presently up to Euro 5/US10 WORLDWIDE

or equivalent) FUEL CHARTER

Supporting documents: Biodiesel and Ethanol SEPTEMBER 200t
Guidelines (for blending up B5 and E10)

WWFC can be downloaded from

=

BiNg JamA

BIODIESEL
GUIDELINES

lanc OF AUTOMOBILE : ; : e g
mwm:mne JAPAN AUTOMOBILE MANUFACTURERS ASSOCIATION, INC.

ACEA

Volvo Technology Corporation 4th International Conference on Biofuels Standards

Fuels and Lubricants, Anders Roj
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Market fuel standards for existing and future vehicles
—the challenge of change

Development of future vehicles — Evolution of fuel specifications and
for future fuels new fuel grades are taken into account
In the developing process @

Compatibility of vehicles in the —> Backward compatibility of fuel

fleet with changes is a very difficult issue
» Higher biofuels blends (for instance « Not in line with the normal engine @
FAME, B7 -> B10 -> Bxx) development process
 New limits for existing fuel « Difficult to cover all the vehicle generations
specifications (for instance lubricity and models
in diesel fuel)

- Reliability risks for the customers

- Risk for vehicle manufacturers in
meeting legal commitments

- Costly

- We need protection for the existing fleet at any point in time
- We need sufficient lead-time and clear commitments regarding future fuel

specifications.

Volvo Technology Corporation 4th International Conference on Biofuels Standards
Fuels and Lubricants, Anders Roj VOLVO





Euro VI Heavy Duty Certification (2013/14)
Reference Fuels (Annex 1X)

e Fuels for compression ignition engines

- Diesel fuel “B7” (6-7% FAME, EN14214 quality)
- Ethanol ED95

e Fuels for positive ignition engines

- Petrol E10 (9.5-10% ethanol, EN15376 quality)
- Ethanol E85 (83-85% ethanol)

- LPG

- NG/Biogas (three gases: GR, G23, G25)

Volvo Technology Corporation 4th International Conference on Biofuels Standards

Fuels and Lubricants, Anders Roj VOLVO





Euro VI certification diesel fuel - HD engines

Parameter Euro V Euro VI
Cetane number 52 -54 52 - 56
Density kg/m3 | 833 - 837 -
Sulphur, max ppm 10 -
Distillation T95 C 345 - 350 -
Polyaromatics %VIV [3-6 2-4
FAME % V/V | not allowed 6.0-7.0

Volvo Technology Corporation
Fuels and Lubricants, Anders Roj

4th International Conference on Biofuels Standards
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Euro VI - “Universal fuel type-approval”

1. REQUIREMENTS ON FUEL RANGE
1.1. Requirements on universal fuel range type-approval

A universal fuel range approval shall be granted subject to the requirements specified in
Sections 1.1.1. to 1.1.6.1.

1.1.1.  The parent engine shall meet the requirements of this Regulation on the appropriate
reference fuels specified in Annex IX Specific requirements shall apply to natural gas
fuelled engines, as laid down in Section 1.1.3.

1.1.2. If the manuﬁlcmrer ermjts to operate the e:ntrine famil / to run on market fuels not
. s (%) apphcable at the
time of T}fpe-approval ﬂmh_as_nmmng_nn_B_L(l(L the 11131111far:n11e1 shall. in addition to

the requirements in Section 1.1.1.

(a) declare the fuels the engine family is capable to tun on in Section 3.2.2.2.1. of
Appendix 4 to this Annex:

(b)

(c) be liable to meet the requirements of in service conformity specified in Annex IT
on the fuels declared including any blend between the declared fuels and the
market fuels included in Directive 98/70/EC and the relevant CEN standards.

Volvo Technology Corporation 4th International Conference on Biofuels Standards

Fuels and Lubricants, Anders Roj VOLVO





Biodiesel (FAME) — EN14214 is improving....

e Stability (deposits)
- both in the fuel distribution system and in the vehicle fuelling system
- filter plugging
- test method(s) are available but not protecting fully

e Material compatibility need to be checked
- polymers, elastomers (seals)
- degradation products increase corrosion

e Cold temperature operability
- filter plugging
- correlation between CFPP and real operability not fully secured

e Engine lubricant dilution
- Late post-injection of fuel (active PM-trap regeneration) is used widely in passenger cars to meet
Euro 4/5/6 emissions legislation.
- FAMEs are high boiling: will accumulate in the engine oil,
- result: lubricant degradation, poor engine cleanliness

e Exhaust aftertreatment systems
- phosphorous < 1 ppm needed (presently max 4-10 ppm in most FAME standards)
- other contaminants becoming more critical for Euro V/VI: K, Na, Ca, Mg
- long term effects not known well enough, particularly for higher FAME levels

e Bacterial growth
- increasingly an issue with FAME-containing fuels

Volvo Technology Corporation 4th International Conference on Biofuels Standards

Fuels and Lubricants, Anders Roj VOLVO





Hydrotreated vegetable oils (HVO) are preferred over
esterified (FAME)

Natural
i gas

Natural

= 10% methanol = 3 % hydrogen

Veq oil Biodiesel | veq oil

Renewable
Animal fat FAME : Animal fat

diesel, HVO

Glycerol Water

Fossil natural gas input about the same in both routes
* in the future biogas (HVO, FAME) or ethanol (FAEE) could be used

Volvo Technology Corporation 4th International Conference on Biofuels Standards
Fuels and Lubricants, Anders Roj VOLVO





Volvo and Alternative Fuels

e Main Volvo fuel options for the future:
- Methane fuels: biogas, natural gas (CBG/CNG, LBG/LNG)
- DME (dimethyl ether): bio-based or fossil

New engines
required

e Other alternatives of interest:
- Synthetic diesel (F-T), Hydrotreated vegetable oils (HVO) and
FAME (up to specified & acceptable blending levels) are accounted for
within normal engine development
- these fuels & components should be within regular market fuel
standards

~ Business as
usual

Volvo Technology Corporation 4th International Conference on Biofuels Standards
Fuels and Lubricants, Anders Roj VOLVO





Concluding remarks

Appropriate market fuel standards are absolutely necessary

- to support emissions requirements & technologies and to

ensure legal compliance

- for good technical functioning of all vehicles on the road (should
always fit for purpose!)

- to ensure smooth introduction of new fuels/ blends

- to ensure customer satisfaction

The whole vehicle fleet should be able to use the standard
market gasoline and diesel fuels at any point in time

- special precautions for present/older vehicle fleet may have to
be taken if/when bio-contents are increased (“protection
grades”!)

The aim should be world-wide harmonization of standards and
fuel requlations, both for conventional and biofuels

- fuel quality and emission regulation should go hand in hand
- automotive industry contribution: World-wide Fuel Charter

Future fuel choices have to be based on best possible well-to-
wheels energy efficiency and GHG reduction

- sustainable energy raw materials and production methods

- long term supply security, stable regulatory conditions

Volvo Technology Corporation 4th International Conference on Biofuels Standards

Fuels and Lubricants, Anders Roj VOLVO





Thank you for your attention!

Volvo Technology Corporation 4th International Conference on Biofuels Standards

Fuels and Lubricants, Anders Roj VOLVO
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Sugar - The New Crude

Delane Nagel Richardson
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From Petrochemistry to Green Chemistry

1960 1970-2000 2010 2020 2030





Most petrochemicals originate from the naphtha

stream of the refining process

(a residual from demand for fuels)...

0il Refining Indusiry

The Petrochemical Industry

crude il

refinery gases

gasoline

naphtha

kerozene (paraffin)

Fracticnal Distillation

gas oil (diesel)

lubricating oil

fuel il

| R R N R A I

bitumen

natural gas/ LPGs T

Oilefin Plant
(Cracker)

OLEFINS (50%)

AROMATICS (15%)

FUELS/GASOLINE
(35%)

.q

{

ethylene (30%)

propylene (15%)

butadiene (5%)

rl-_

benzene

toluene

[ = 1]

[ End products
T Liquified petroleum gases





The Incredible Revolution of

Metabolic Engineering

v' For 3 centuries, common wisdom has been that
the most energy dense raw materials have been
gas (8400 kcal) and oil (7000 kcal).

v Biomasses with 2000 kcal wet or 3500 kcal dry
has been difficult to handle and not cost
competitive.

v' Common sense has prevented any serious
comparison and, competitive chemical production
from biomass was science fiction, until 20 years
ago.






Metabolic Engineering vs. Petrochemicals

v' Petrochemical engineering is not satisfied with the
selectivity of oil and gas fractionation.

v' Although oil and gas feedstock is energy rich and
readily available, the target product is made while
making a large mixture of other molecules,
negatively impacting cost.

v' Separation and upgrading of by-products is
expensive.





cHE9 A New Bio-based Economy

Sugar-Biomass based Chemical Production

proesa.

Sugar sourced from herbaceous plants

Does not compete with food

Widely available

Grown on marginal lands

Bio-technology is ideal for sugar conversion






(.3“9 Economics improve at smaller scale

(me&a) v' Biggest contributor to biomass delivered cost is
logistics

v" Therefore it is FAR BETTER bringing the plant to
the biomass rather than the biomass to the plant

v If the plant uses multiple feedstock in the same
facility, the supply chain may be optimized.

v Availability of locally sourced sugars favors
smaller scale plants






Chemistry vs. Biotechnology

Bio-technology

* Higher Selectivity
« Generally smaller plants, less capital
e Favored in new synthesis

Classical Chemistry
» Better in Adverse Conditions

e Faster
e Favored In fossil fuel conversions






Biorefinery Concept - Today

C5 sugars

Ethanol

C6 sugars

Lignin
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This may open an economic alternative to the

production of conventional petrochemicals...

pme@

I L4
{Nalur;la? Gas) NG/ LPG Methanea - A.:iet'_.rlE.lnE — THF Methanaol w —_—  SVAM — JEVA
Oil Refining |— Fuels etc Ethane BDO L+ GBL EMTEE L+ (Terephthalic acid")
Palybutyleneterephthalate Formaldehyde
Naphtha Cracking —= Efhylene —— LDPE, LLDPE, HDPE
L= Ethanol
| Eth Iene
" oxi w —+FEl
I EDC « VCM + PVC
- Propyleng. ————— PP Polynls —— Polyurethanes
Pm lene Unsaturated
cF y —[: —* polyesters
I
*Renewable” entry points EIII.‘)r'g'rl["-‘“:m "Ba”ta"ﬁ
in the fossil petrochemical - Acrylates
supply chain (commercial L Acrylonitrile

or under development)

The products highlighted can
sometimes be obtained
directly from biomass, while in
other cases they are denved
from intermediates with
limited market of their own

| +C,s/C.s . |Bitadiens EEE SB lattices, Polybutadiene
— n-Butene — LLDPE ER, Polyiscbutene
L+ i-Butane ——i-Butene MTBE
*_—l.
| ISoprens. — Polyisoprena BPA — . PC
v : Phenolic
L. n-Butane ——=Slicoinic'acid —. Phenol Bl
ey
L Aromatics ———— Banzene Cumens —J = Acetone MMA PMA
MDI Polyurethanes

Cyclohexane T:w — +Nylon 68
Caprolactaim —— Nylon 6

— Ethylbenzene —s Styrene PS, EPS, ABS, SAN
s ToOluene «TDI + Polyurethanes

= Xylene —pKylene Wg

PET






...because renewable products can become

"platforms" to produce not just the molecules that
are made from them conventionally

Examples of conversion processes for
renewable chemicals
(commercial production / ongoing development)

Ethanol > Ethylene BDO > Succinic acid
Succinic'acid > BDO — Butadiene
— THF Sorbitol > Isosorbide
— GBL — Propylene glycol
> PTT — Ethylene glycol
Malonic acid — Glycerol
— Polyurethanes — Lactic acid
Copolyester ethers 3-HP > Malonic acid
Acetaldehyde — Acrylic acid
— Acrylic acid — Acrylamide
— PDO — PDO
— Propionic acid — Serine

— Oxalic acid — Alanine






Gruppo M&G:
Biomass Technology & Experience

CHEMTEX

Engineering
division

$3 B per year
producer of PET

N

g BETA RENEWARLES

Technology for
biomass to sugars






Our R&D Centers

Rivalta, Italy

3000 m?2 dedicated to
renewable resources
biochemistry and
technology

\\ ; 100+ dedicated staff

Chemtex also operates an R&D center in Sharon Center,

Ohio focused on cellulosic sugar chemistry and
CHEMTEX engineering research
o Catalytic Conversion of Sugar

e Lignin conversion
 Intermediate and final product separation technologies
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For biofuels and bio-based chemicals to be viable:

JOeS.

Competitive at 60-70 $/barrel;

2. Environmentally sustainable ref.
full lifecycle greenhouse gases;

3. Agronomically sustainable: no
competition with food,;

4. Profitable for farmers.






PROESA™:

Cost-effective Sugars from Biomass

pme@

1. Agronomy: best energy crops, based on field
experiments;

2. Biomass pre-treatment and viscosity reduction:
continuous process;

3. Hydrolysis and fermentation: Unique hybrid SSCF
process yielding high ethanol concentrations.

Biomass Enzymes CO, Water

Ethanol
Pre-Treatment .
L Feec_i and Viscosity HydrOIyS'Sf ¥ Recovery |
Handling Reduction Fermentation

= 1

Steam Water . Steam
Boiler +

Generator || Power

Iz






cHE9 Biotechnology

proesa.

PROESA™ is the enabler,
the technology that makes
simple cellulosic sugars
available at low cost.

The Bio-refinery converts this sugar
with enzymes and micro organisms
INnto new building blocks replacing
crude oll.






Beta Renewables: Profile

Rethink Tomarrow

W
— ] novozymes

Y

BETA RENEWABLES spa.

ﬁ A JV between Chemtex, TPG, and Novozymes

lignocellulosic biomass to biofuels and biochemicals.

first commercial-scale cellulosic ethanol facility
Crescentino, Italy

-

v' Beta Renewables has developed the PROESA®
Technology for the conversion of non-food

v' The company is currently commissioning the world’s

~

in

Our
Partners

/

S}"- GraalBi

%
novozymes

Rethink Tomorraw

@ genomatica

% gevo
= MYBIOMASS

/. %

=Y

7))
W

< CODEXIS'
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Proesa® for Renewable Chemicals

Codexis and Chemtex are working
together to develop a novel process to
7=\ produce C12-C14 fatty alcohols from
cellulosic biomass.

~ CODEXIS

Biomass l C5-6 sugars

e { ; : -
'?e-"é?; PROESA™ Separation

2G-FOH TECHNOLOGY

72 gevo
- Gevo and Chemtex

Genomatica and Chemtex { together for
together for production of 2G bio- production of 2G

BDO from PROESA® sugars isobutanol from
! G g PROESA® sugars

ISOBUTANOL

CARBOHYDRATES

PROPRIETARY

SEFARATION UNIT
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PROESA® is a platform for multiple
products

PROESA® Cellulosic Sugar Technology

Enzymatic
Hydrolysis
Section

Pre-Treatment
Section

Biofuels Biochemicals Lignin Chemicals

e Ethanol e Fatty Alcohols e Phenols
- Bio-Jet e 1,4 Butanediol e Xylene
e Butanol e Farnesene e Terephthalic Acid
e Marine Diesel « Acrylic Acid e Aromatic
= Green Diesel » Adipic Acid Aldehydes
e Succinic Acid
e Bio-PE
* Bio-EO/EG

19
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Crescentino Commercial Plant ... start

ntp ://vav.betarenewables.com/Crescentino.ht:'"."

In April 2011 Chemtex broke ground for a 60 ktpa (20
MMgpy) cellulosic ethanol plant based on Arundo Donax &
wheat straw.

20





Crescentino Commercial Plant ... Q4-2012

18 months later — The Facility is being Commissoned

21





Project Alpha

Chemtex is developing Project Alpha — a 20mmgpy cellulosic
ethanol facility to be built in Eastern NC.

Received a $99 Million USDA loan Guarantee

The project is based on using dedicated EPA approved
energy crops including Miscanthus, Switchgrass, “soft”
hardwoods and potentially Arundo Donax and High Biomass
sorghum - grown on low productivity/ marginal land.

Project received a $4 million BCAP award

Overall 300,000 dry tons per year of feedstock annually
sourced from 25,000 acres in the surrounding area

The project is Phase 1 of a cluster opportunity — similar
available land in the region is sufficient to support additional
200-250 mmgpy added ethanol capacity or equivalent bio-
chemicals.

100 acres of nursery for energy grasses planted with
support of North Carolina Biofuels Center

Best management practices for energy crops published by
State taskforce supporting our project

22





PROESA® — We Are Ready

v" Commercial-scale

20MMgpy cellulosic ethanol plant
in Crescentino Italy operational F#=a®.
== <“—in 2012 i1 = .3

% Competltlve Wlthout @( ,. b

subsidies

Benchmark Oil @ $70/bbl
; "W T S

\/ Cellulosm Costs Less

Estimated cash costs:
Ethanol: <$1.50/USG
Sugars: 10¢/lb

www.chemtex. com
www.betarenewables.com
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From Petrochemistry to Green Chemistry

1960 1970-2000 2010 2020 2030
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ABENGOA BIOENERGY

The

global

QU ' ’ biotech

E ethanol

company
/

-*
"Abe go@-Bioenergy,the way to new
- technologies on second generation
.. biofugels an ro\ducts

<
y






ABENGOA BIOENERGY

Abengoa Bioenergy has evolved...

2013 Forward

v Expected startup of first
cellulosic ethanol commercial

. . . . . scale plant
v Acquisition Dedini Agro, Brazil

1994

v 2G technology licensed to 31
parties

v" Assets in 5 countries, three
continents; global 3175 ML capacity

v" Acquisition of High Plains

o v Waste-to-biofuels technology
Corporation in U.S.

v 2G technology program developed; developed

2G ethanol pilot & demo plants built
v 650 ML (170 MG) capacity in US
and EU v Construction of 15t cellulosic ethanol
commercial scale plant started

v Need for lignocellulosic ethanol
identified; Enzymatic Hydrolysis
technology selected

R

The global biotech ethanol company






ABENGOA BIOENERGY

York, NE Colwich, KS Portales, NM Ravenna, NE Evansville,
208 ML 95 ML 114 ML 341 ML 341 ML
since 2001 since 2001 since 2001 since 2007 since 2011

Biofuel capacity = "1,440 ML Q Biofuel capacity = 1,500 ML
Fi“je/d capacity = 980 KTY - Feed capacity = 885 KY

g, sy

Cartagena, Sp
150 ML
since 1999

La Coruna, Sp
195 ML
since 2001

Cadiz, Sp

pecoming the only globa
ethanol company

Granite City, IL
341 ML
since 2011

IN

Salamanca, Sp
200 ML
since 2006

Rotterdam, NE

Lacq, FR
250 ML 225 ML 480 ML
since 2007 since 2009 since 2010
q q ™ { Al
Biofuel capacity = 235 ML Y o)
Feed capacity = 980 KTY TN Y
Global production 2011 2G Assets
Ethanol (ML): 2 950 Commerical biomass plant Hugoton (KS, US)
95 ML
Sugar (KTPY): 570
Sao Luis, SP Sao Joao, SP 9 2013e

Feed (KTPY):
Electricity (MW):

1,865
259
225

91 ML 144 ML
since 2007

Biodiesel (ML):

(Salamanca,
5ML
since 2009

Y S

San Antonio de

Camilo Ferrari, SP

Posse (SAP), SP 0.3MT 0..1 ML
0_-3MT since 2011 since 2007
since 2011

The global biotech ethanol company

Biomass demonstration plant in BCyL

Spain)

Biomass pilot plant in York (NE, US)





ABENGOA BIOENERGY

...with unique platform of
unparalleled scale and scope

€2,225MM
2011 Sales
€152MM
2011 EBITDA
First Gen Second Gen
S|+ S n €3,005MM
= —— 2011 Net Fixed Assets
Ethanol Biodiesel Electricity

e

2011 Employees

Agriculture Technology Production Logistics Trading

The global biotech ethanol company
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ABENGOA BIOENERGY

...developing unique competencies

Only truly global biotech platform

Diversified and differentiated product mix

Exceptional platform

Unique risk mitigating attributes for each asset

Serving large, established and growing markets

Leader in second generation (2G) biotech

Superior technology
Wlth Significa nt growth Ability to target new growth industries
prospects

Platform to capture growth opportunities globally

Strong financial performance

Best in class strategy

Robust risk management systems

and execution

Experienced leadership and operations expertise






ABENGOA BIOENERGY

hydrolysis

v’ Proprietary process technology:
Enzymatic v +6,000h at demo scale
v Over 73 gal/t at pilot scale
v" 36 IP ownerships and applications

...with proprietary technology making

us time-to-market leader

Enzymes
program

v' Proprietary process technology + Licensed technology
v Under 1 $/gal ethanol
v" Six new strains coming in 2012

(C5 Program)

Fermentation v Licensed technology
v Over 98% glucose consumption

v Over 95% xylose consumption

Catalyst

v Ethanol synthesis own technology
v’ 3 patented catalyst and 3 new patents ongoing
v Over 40% ethanol selectivity

v' Butanol from ethanol own technology
v 1 Patent issuing
v Over 90% selectivity
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. re v EC approved Abengoa’s RED Bioenergy Sustainability
Sustainability v’ 22 IP ownerships and applications






ABENGOA BIOENERGY

We have used technology
to develop a new platform...

Number of Patents, Applications and Inventions

3
[ Toa: 1]
E
1 10
i

Cellulosic  Sustainability Catalysis  Cereal EtOH  Algae
Process

e, . 3,000 ML/year existing
Technology IP sugar/biomass capacity in
platform operation

\ Marketing
Agriculture| Technology \Production | Logistics | Trading
\ Hedging
Risk
Management
Effidency [ Optimization| Brand image

Origination & Leadership & |
sustainability "novation |

Core competencies

Multi-bioproduct platform 2G biofuels Solid waste-to-biofuels
Biofuels ‘ Power ‘
Biochemicals ‘ BioPlastics ‘

D






ABENGOA BIOENERGY

2009

S
S
O
(Tt
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o

Enzymes Platform I

...supported and evaluated by 3rd

Parties...

2012 2015

R&D Process ‘ | ‘ ‘
R&D Process ‘
I - R&D Process
Pilot Plant {/_
DEMO Plant ‘ {/
Flagship -
Commercial Plant
R&D Process
R&D Process
. N/
‘ DEMO Plant
Commercial Plant
USA Funding National Funding
EU Funding i Set Plan

The global biotech ethanol company 8





ABENGOA BIOENERGY

...and after investing for 10 years...

1995-01 2002-04 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Discovery Pilot biomass

plant (US)
Technology :
development

Pilot plant construction Pilot plant operation

Demo
biomass
plant (Spain)

Biomass
plant
Hugoton

Demonstration construction Operation

I N S S S
Commercial Commercial
production plant startup &

plant construction operation

Commercial production

plant design

10 years of technology
progress through
stage-gate process

The global biotech ethanol company 9





ABENGOA BIOENERGY

York Pilot Plant

..through a well defined pathway...

BCyL Demo Plant

=
-
—

4
8
in
-,
.
/ 4
”f!l
: -
%
P
i

A fully commitment

|= Over 26,000 h operating York pilot plant
= Over 6,000 h operating BCyL demo plant
» Reaching targets on yields

» Demonstrating enzymes performance

» Fermenting C5 over expectations

= Validating unit operations performance

approach to the
technology success






ABENGOA BIOENERGY

..we are making our plans reality

Hugoton project highlights

Capacity: 25 MGPY ethanol from biomass = Objective is to build first-of-its-kind commercial-scale

enzymatic hydrolysis conversion of biomass to ethanol
Electricity capacity: 18-MW electr. power. Neutral to grid to operate at 2.15 $/gal cost in 2015

Location: Hugoton, Kansas = DOE awarded 100 M USD grant and $130 million federal
Site: 400-acre parcel loan guarantee to cofinance facility construction
Feedstock: Corn stover, switch grass = US government financing verifies our 2G technology

Estimated start-up: 2013 and acknowledges our pioneer status

Facility will allow us to fulfill our objective to become a

i : ~320, fix price for 10y _
Biomass: ~320,000 dt per year contracted fix price for 10y one-stop biotethologyeBMmpany

ARy -

«//m\

15t commercial-scale biomass to ethanol plant construction started J






ABENGOA BIOENERGY

...and accessing new growth industries

Sugar to move beyond biofuels into petrochemical complex;
Sugar: the molecule of the future

PMMA
739 BGY

Polyesters/Xylene/Styrene

\

27BGY
Gasoline Poly-Propylenes
349 BGY Jet 32 BGY
@ 94 BGY
Diesel
484 BGY
Chemicals

- . Rubber, Lubricants & Additives Energy

\ 8 BGY

3%-5% share of Power
generation by 2050

Organic Acid q Surfactants L <« 10%-20% share of
¢ Primary Energy by 2050

The global biotech ethanol company 12






