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Commercial Projects under Implementation

@ China ArcelorMittal Belgium
. 48k MTA 62k MTA
HRBAFE 555 o

Shougang LanzaTech

Steelanol 5020
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CORSIA Commitments

No action 1_Improve fleetofuel
efficiency by 1.5% per year
from now until 2020
2_Stabilise net emissions
8 from 2020 through carbon
5 neutral growth
w
L'
g 3_By 2050, net aviation
E carbon emissions will be
2 ;:‘a’::m"'“e”‘“' half of what they were in
: L~ 2005
(1]
-50% by 2050
(3]
|
2005 2010 2020 2030 2040 2050
Known technology, operations and infrastructure measures B Economic measures =="No action” emissions o )
W Biofuels and additional new-generation technology — Net emissions trajectory (Schematic, indicative diagram only]
Graph source: Reducing Emissions From Aviation Through Carbon Neutral Growth From 2020 (ICAO
2013)
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Sustainable Aviation Fuel will Play a Key Role

2020 2025 2030 2035 2040
Total Fuel Demand SAF Demand

AF will need e to >30% of total jet fuel
- consumption by 2040 to meet ICAO
commitments
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From Waste to Wing

"'iHJﬂi=

Lanzanol
(Ethanol)

Jet &

a —>[ Dehydration Oligomerization

>| Hydrogenation

Fractionation

Ethanol

— Diesel

Ethanol Ethylene C,4- C,4 Olefins

Paraffins and |IsoParaffins

[ Jet range hydrocarbons (C8-C16) selectively built ]
from smaller molecules
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LanzaTech Jet Production Campaign

LanzaTech Produced...
v'4000 gallons Jet
v'600 gallons Diesel

Demonstrated feedstock
flexibility

1,500 gal from waste gas
ethanol (Lanzanol)

2,500 gal from Grain Ethanol

Waste gas ethanol (Lanzanol)
produced in an RSB-certified
demonstration facility

Increased Run ey Reduced Lower Cost - Shougang-LanzaTech

Production Rate FfslER s Operating Cost COPT(;Tjirgtlal 100,000 gal/yr China
demonstration plant

Cluster Jj
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LanzaTech Jet Property Highlights

Fuel Property JetA LanzaTech 50/50% v 25:- T T T
Spec ATJ-SPK withJet A i M Camelina HEFA-SPK

W Jet A (POSF 10325)

Freeze Point, °C -40 max -61 -54 g °T

Energy Density, 42.8 min 44.4 43.8 N

MJ/kg §

Thermal Stability Baseline  Excellent Excellent 2

Viscosity @ -40 °C 12 max 7.0 9.3 £ wp

mm?/sec g0

Hydrogen % 13.4 min 15.1 14.5 B

Aromatics % 8 min, 25 Nil 8.8 L e

R 0-555555555._‘_-

LA 0:30max | <0.001 0.02 .
Meets or Exceeds Critical Jet Fuel Specifications Carbon number range similar to
Neat fuel primarily isoparaffins with <0.2% aromatics conventional jet fuel and other SPK’s

On April 1, 2018 ASTM Intl. Revised D7566 ATJ SPK Annex A5
e Added Ethanol as a feedstock
* Increased final blend ratio to max 50 %

~

Pacific
Northwest

NATIONAL
LABORATORY

Cluster M7
Bioturbosina




Global Ethanol Feedstock Sources

Agricultural Waste
~600B gpy

Municipal Solid Waste:

~26B gpy Ferro-Alloy Offgas:

~1B gpy

Ethanol

Steel Mill Offgas:
~50B gpy

Refinery Offgas:
~3B gpy

Ethanol Provides Path to Sustainable Aviation Fuel

>, from Abundant Wastes and Residues

-
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US DOE Pre-Commercial Project

Project Scope
Industrial Gas Jet l
Offgases ; > Ethanol Ethanol to Jet
(steel, refinery) FermeniSisy Diesel l
~10 million gpy j
Sugars :

Project Objectives:

« Demonstrate the ability to convert ethanol from multiple feedstocks into
sustainable aviation fuel

* Develop process and operational parameters for commercial ethanol-to-jet units

 Produce commercial quantities of jet and diesel fuel

Produce commercial quantities of sustainable aviation fuel
for offtake in Q1 2020

. ¥,
Cluster %4, 4

; ; - at
Bioturbosina Qg‘l%:'




UK Department for Transport Feasibility Study

Commercial-scale ATJ production from waste-based ethanol
Includes ethanol from steel mill waste gas fermentation

Site selection and project planning underway

P PN N\

virginaflantic ArcelorMittal Greenergy
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Stage 1 Outcome:
Financeable Commercial-Scale ATJ Project in UK

World 19113
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Direction of Sustainable Aviation Fuel

Feedstock cost, availability, and sustainability are key
Need abundant, low cost feedstocks that do not compete with food
Wastes and residues are a major resource for SAF

Ethanol-based ATJ offers an opportunity to produce jet with > 70%
GHG reductions from sustainable crops, wastes and residues
appropriate for each region

Competitive SAF economics will come from expanding feedstock
sources, production capacity and market demand

All sustainable solutions are needed to meet growing global demand

<y
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