











Renewable Fuels Needed to Meet Industry Goals
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The road to biojet fuel requires a value chain approach

Feedstock Feedstock Blo Jet Fuel Bio Jet Fuel Bio Jet fuel Blo Jet Fuel
- | Production Logistics Production Trading Logistics End Users
.

SUPPLY CHAIN DEVELOPMENT CREATE DEMAND

+ Mo sllver bullet, explore multiple « Operate demonstration flights (series);
feedstock/technelegy pathways;
- Aggregate demand from customers;
= From demonstration to commercial plants;
- Aggregate airline & airport demand;

- Feed governmeant policy & incentives;
« Green government travel.

« Secure Investments;
= Secure certification;

+ Secure econcmic, social and ecolegical
sustainability.
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Catalytic hydrothermaolysis

soybeans . N saturation .
. Hydroth l crack Cyelizat , = t
Cameling ydrothermal cracking yelization Deoxyeenation eparation
Pyrolysis to jet
Sugarcane bagasse Pretreatment Fast Hyd Dressin Ceparation
| Carn staver pyralysis Fopr 5 3

Gasification with Fischer-Tropsch synthesis

Sugarcane bagasse
Carn staver

Pretreatment

Gasification

Fizcher-Tropsch
synthesis

Separation
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Synthetic kerosene with aromatics
Maphtha
Diesel

Liquefied petroleum gas
Protein meal

Synthetic paraffinic kerosenes

Synthetic paraffinic kerosenes
Maphtha

Diesel

Electricity




Alcohol to jet

Sugarcane

| carn Alcahol Dehydration || Oligamerization | Distillation Hydrogenation
Direct fermentation to jet
SU%:aﬂ:c;nE Fermentation Farnesene ‘ Purification Hydragenation
Hydroprocessed esters and fatty acids
Soybeans Hydrodeoxygenatian N Selective .
Camelina | Decarboxylation Isomerizatian hydrocracking Separation

Synthetic paraffinic kerosene
Ethylene

Electricity

Distillers’ dried grains with solubles

Synthetic iso-paraffinic kerosene
Yeast

Electricity

Distillers’ dried grains with solubles

Synthetic paraffinic kerosene
Maphtha
Diesel

Propane
Liquefied petroleum gas




Aviation Fuel : Technology

Bio-Oils : Alcohols : Oligomerizing

Hydrocracking | (Building Up)
(Breaking Down - Crackes
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Breaking Down From Long Chains Building Of From Short Chains
* High Pressure * Low Pressure
* High Temperature * Low Temperature
* External Hydrogen * No External Hydrogen

* No Aromatics * Full Aromatics







UOP’s Renewable Jet & Green Diesel Process UOP

N A Honeywell Company

) Selective Product
Deoxygenation Hydrocracking Separation
Feedstocks . Hydrepen
Rapeseed
Tallow Light Fuels
Jatropha
Soybean SPK
Algal Oils
Palm OIl (Sr5en e
Camelina
Greases
Green Diesal







Algae: Multiple Sources for Fuels Uuop

A Honwywall Cempany

‘Sapphire

Erergy

Wild Algae Enhanced Heterotrophically
Algae Strains Grown Algae

Low Production Moderate Production Cost Moderate Production
Cosis i Cosis
Moderate Pre-Treatment Costs

High Pre-Treatment Low Pre-Treatment
Costs Cosis

Green Fuels
Jet, Diesel







Technology based on common industrial steps
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[P — Separation Farfssre

L Fermentation
Microbe-catalyzed conversion of sugar: key is the development of a

1: farnesene producing yeast which is sugar agnosfic
i Farnesene production to date: ~5 million liters in multiple sites
—_—] Brotas, Brazil could reach 50 million liters per year at target efficiency
Fimaioch
L2

- Downstream Processing

« Combination of hydroprocessing and
separation operations

* Farnesane diesel grade production to
date: ~2 million liters ke

* Using diese| process with greater o
purification, farnesane aviation grade
production to date for ASTM test purposes:

~30,000 liters
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The Byogy Ethanol Bio-Refinery
Conventional i
{Sugar Cane/Corn/Bests)
+ Bugull;l"':lmml
v

ETOH

Cellulosic -
{Bagaste, Eucalyptush ETOH

+

Advanced
{Byogy)
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Biomass gasification power generation test facility diagram




Natural Gas
Coal
Pet Coke
Biomass f—
Wastes CO Tall
L_. Synthesis Gas HE_ Lf::i.tl-id ___, Product G’i Power
= E Recov E
1 Prnducﬁ?n Synthesis ery Generation I
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Plant Option
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Separation Hydrocracking
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Fesources

LanzaTech Gas to Liquid Platform LanzaTech®
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Customized
Catalysts

Engineering
‘,_ ~ | Control

Chemistry

« Ethanol * I-propanal
Pf'ﬂﬂﬂﬂ-‘f SI'.HfE = Arcstic acid = acetone

3 Hydrocarbon Fuels
Product Suite Fd(d'tes&i, jet,
-~ gasoling)

c-d

« n-Butanol
+ i-Butanal
= Succinic

Thermoch enwcai Appmacﬁe —

Chemical e Chemicals
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Fertilizer
Herbicide
Diezel
Electncity

Matural
gas
Electncity
Solvent

Matural
Qas
Electncity
H, gas

Matural
SR
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Electncity

SYSTEM BOUNDARY

Feedstock Handiing &
Preparation

Dil Extraction

Qil Conversion

Product Refining &
Separation

Blending

Conventional Jet
Fuel Baseline

HDO Biojet using
different
feedstocks

LPG
Naphtha
HRD




Greenhouse Gases

Kerosene Jatropha Camelina Tallow  Soy

Green Green Green Green
Jat Jet Jet Jet

B Cultivation
M Fuel Production
M Use

I 10il Production
| 1 Transportation

g CO, eq./MJ
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Camelina Carinata Canola  Used Cooking
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?BBB ?BBB ?BBB ?BBB ?BBB ?BBB ?BBB ?BBB ?BBB
AB B =DH =FA CB DB CB CF CD DA

L L L L L L L L L

DC 290 290 290 290 290

=1 =D =1 290 290 290 290 290 290
AF AC Al HI 290 290 290 290 290
HH IG FG ?B= ?CF ?AB ?BG ?CD ?CB
?=1 ?CD ?Cl 1B ??A ?=D ?AF ??C ??B
DAD DAI D=G CGC ICB ICB IFB ICB IDB
?CB ?A= ?AH =AA 290 290 290 290 290
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