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Aviation 2% of man-made CO2 emissions
3% of global greenhouse gas emissions

Set to triple by 2050 if no action taken /
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Aviation faces an emissions challenge < EMBRAER
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Facing strong criticism <€ EMBRAER
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... but our track record is strong € EMBRAER
I —

70T T 1200
65 T . Emissions at T 1100
Fuel efficienc
y frozen 1990
S 607 technology T 1000
|_
S 2
S 557 T 900 <
) o
E - c
% 50 1 3.3 Billion tonnes of 1 800 2
S CO, saved IS
3 o)
T 45T T 700 O
E CG,
T T 600
Actual Emissions
35 1 T 500
30 e N S N —————————— 400

S— e S— e o H— e o W— | —10|0 - —10|0 < W—"1 0|0} "] O N A0 N L O (A0 2l

ESTAS INFORMAGOES SAO PROPRIEDADE DA EMBRAER E NAO PODEM SER UTILIZADAS OU REPRODUZIDAS SEM AUTORIZAGAO ESCRITA DA EMPRESA.



Geneva, 2008
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Global industry targets < EvBRAER
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2010 2020 2050

1.5% pl/a fuel CNG from 2020 50% reduction in

efficiency : net CO2
Implementation of o
emissions over

2005 levels

Working global sectoral
towards CNG approach

* Goals are at the global level — not States or operators

» Goals do not mean slowing down the growth of aviation
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Emissions reduction roadmap € EMBRAER
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Emissions reduction roadmap € EMBRAER
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- “Frozen technology” emissions
Known technology, operations and infrastructure
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Emissions reduction roadmap € EMBRAER
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“Frozen technology” emissions
Known technology, operations and infrastructure

[ measures No action
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Sustainable Biofuels for aviation?
- @ OO

A long way in a few years...

* From ‘no way’ to ‘dream’ to
reality

Low carbon

«  Could reduce aviation
emissions up to 80%+

* Diversified supply

* Moving away from one fuel
source

* No changes in engines and
airplanes

*  Drop-in fuels
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Aviation biofuel requirements € EMBRAER
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Drop-in
— Can be blended with existing jet fuel
— No adaptation of aircraft / engines
— No parallel infrastructure 0 prohibitive costs

Technical
— Low freeze point, high energy density, flash point and heat content
— Thermal stability and good fluidity performance at low temperatures
— Automotive bioethanol and biodiesel not suitable

Sustainability
— Globally harmonised criteria needed

Economic viability
— Bridge the cost gap with Jet A-1
— Compare with subsidised land transport biofuels
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Oil and carbon price

1.20 Jet fuel and carbon prices
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Lifecycle Emissions <€ EMBRAER
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E . Flight w'

co.

t

Distribution
at airports

Distribution
at airports

Transport Transport

Processing Refining
Transport
At each stage in the distribution chain, carbon Carbon dioxide emitted will be reabsorbed as
dioxide is emitted through energy use by the next generation of feedstock is grown

extraction, transport, etc

Source: ATAG Beginners Guide to Aviation Biofuels
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Sustainability requirements < EMBRAER

AVIATION BIOFUELS

Water and air
quality

Land use

™

CoARTR Soil and
Societal development biodiversity
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Biomass competition among industries € EMBRAER
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Cars Lubrificants Polymers
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Scale up production

Biomass Feedstock Feedstock Chemical/
cultivation logistics processing Fermentation

Airport Logistics Fuel
handling J Production

Operations

ESTAS INFORMAGOES SAO PROPRIEDADE DA EMBRAER E NAO PODEM SER UTILIZADAS OU REPRODUZIDAS SEM AUTORIZAGAO ESCRITA DA EMPRESA.



Biofuels Approval Process —- ASTM D 4054 <ewvisraer

Standard Practice for Qualification and Approval of New Aviation Turbine Fuels and Fuels Additives
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Incorporate into Fuel Specification Specification
Copyright & 2011 Boeing. All rights reserved. with FAA Consensus
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Biofuel evaluation flights
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Carrier

Aircraft

Partners

€ EMBRAER

Biofuel

% atlantic B747-400 Boeing, GE Aviation 23 Feb 2008  Coconut & 20% one engine
Babassu FAME
AIR NEW ZEALAND B747-400 EOﬁingR, 30 Dec 2008  Jatropha HRJ 50% one engine
olls-Royce

Continental =N B737-800  Boeing, 7 Jan 2009 Algae and 50% one engine

Airlines 8341, GE Aviation, Jatropha HRJ

CFM, Honeywell UOP

B747-300  Boeing, 30Jan 2009  Camelina, 50% one engine

J AL Pratt & Whitney, Jatropha, and

. Honeywell UOP Algae HRJ

K.I.._.I.VI B747-400  GE, Honeywell UOP  23Nov2009  CamelinaHRJ  50% one engine
5477/ 8 A320  Airbus, CFM 22 Nov2010  JatrophaHRJ  50% one engine
A320 CFM, Safran, EADS, 1 April 2011 Jatropha HRJ 27% one engine

* InterJet

Airbus, Honeywell, ASA

ESTAS INFORMAGOES SAO PROPRIEDADE DA EMBRAER E NAO PODEM SER UTILIZADAS OU REPRODUZIDAS SEM AUTORIZAGAO ESCRITA DA EMPRESA.



Where we are? € EMBRAER

HEFA - Hydroprocessed
Esters and Fatty Acids

Two new task forces:
- Alcohol to jet (ATJ)
- Direct Sugar to HC (DSHC)

Standards Worldwide
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HEFA - Post Approval flights € EMBRAER

Aeromexico in first commercial biofuel
transcontinental flight

03.08.2011

Categories: Engineering
Tags: Biofuels, Greer”
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Boeing. KLM Royal Dutch Airlines

KLM launches commercial flights
Amsterdam - Paris on biofuel

AMSTELVEEN, 22 June 2011 - KLM Royal Dutch Airlines has taken another
important step in aviation sustainability. In September KLM will launch more
than 200 flights being operated on biokerosene between Amsterdam and
Paris. "KLM has once again shown it is stimulating the development of
biokerosene”, according to managing director Camiel Eurlings. “In November
2009 we demonstrated that it was technically possible to fly on biokerosene.
Now, a year and a half after our first demonstration flight on Camelina, a new
phase has been entered around the world, that of certification. Authorisation
will soon be granted to operate commercial flights on biofuel. I am especially
proud to announce that KLM will take this substantial step in September”.

hi [
. Madrid
yesteru Z .nd of 70pc

traditiona _ditional kerosene)
and 30pc b. .uel, made from the
Jatropha Curcas oilseed plant, which is  §
grown in several regions of the world.
including Mexico, according to a
statement released by Boeing.

Lufthansa launches first scheduled flights using biofuel

15.07.11

Worldwide first long term test run will reduce CO2-emissions and deliver research results / Lufthansa Airbus will operate daily flights
between Hamburg and Frankfurt using biosynthetic kerosene.
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Where we are? € EMBRAER

HEFA - Hydroprocessed
Esters and Fatty Acids

Two new task forces:
- Alcohol to Jet (ATJ)
- Direct Sugar to HC (DSHC)

Standards Worldwide
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Alcohol to Jet process (ATJ) £ EMBRAER

Alcohol to-Jet Framework Process

| U |

Thermo-Chemical

ALCOHOL &

Thermo./Bio
Combined

Bio-Chemical
&
Thermo-Chemical
Fermentation

| CONVERSION |

Ov IRENT Lanza » %@ EERC

PRODUCTION

HYDROGENATION

Synthetic JET FUEL
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Direct Sugar to Hydrocarbon process (DSHC) € =meraer

AMYRIS

I ..

Sugar stream ‘
(sugarcane)
Renewable Finished
Jet A/A-1 Fuel

\ Hydro process
finishing

Renewable Jet Fuel _ Hydrocarbon
component molecules
Petroleum
Jet Fuel

&2,

> a$ 1L.S9
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ALTERNATIVE FUELS

EMBRAER TECHNOLOGY DEVELOPMENT

General Overview
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Pioneers... € EMBRAER

1984 - Bandeirante (FAB)

Experimental Flight - S.J.Campos e Brasilia

2004 - Ipanema
Combustivel: 100% etanol
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Positive CO2 life cycle € EMBRAER

G0, CO2 AND OTHER GHG EMISSIONS
BIOMASS HARVEST AND BIOFUEL TRANSPORTATION AIRCRAFT
PRODUCTION TRANSPORTATION PRODUCTION (DISTRIBUTION) OPERATION
Act as the integrator of the sustainability analysis. Sustainability analysis
(Non-Embraer Products) related to the aircraft

operation.
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Amyris Renewable Jetfuel € EMBRAER
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AMYRIS FERMENTATION
SUGAR CANE ENGINEERED YEAST PLANT

- FRJ Requirements:
- Meet the international standards
- Sustainability — Favorable carbon life cycle
- Meet the distribution chain requirements
- Drop-in — up to 50% blended
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Fermented Renewable Jet Fuel Evaluation <Ewveraer
e

<evieraer Azul ? Ge /,Q_

MY R
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abraba

alianca brasileira para
biocombustiveis de aviacao
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Brazilian Alliance for Aviation Biofuels <€ EMBRAER

Launched in Sao Paulo: May, 2010

abraba

FO 'm ed b y alianca brasileira para

biocombustiveis de aviacao

= Airlines
= Biofuel researchers
= Biomass producers ALGAE AL
= Manufacturers
A ABPPM
assa;{z‘x)grég (?éag;?hriéodr?staﬂso
Objectives:

= Support aviation industry commitment to Azu| * £ EMBRAER
act on climate change S

= Foster the development of sustainable 9' T -
biofuels Z/A JETBIO
= Support the production scaling up o unicA
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Conclusions € EMBRAER

a) Proven technical feasibility of using alternative drop-in fuels -
It works!

b) Encourage certification of new drop-in fuels

c) Foster the utilization of different feedstock and production
Processes

d) Support harmonization of alternative aviation fuel
sustainability standards

e) Encourage governments to establish public policies

32
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THANK YOU
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