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Carbon is Pervasive
Heavy Industry

Steelmaking, ferroalloy production, and other industrial
processes use carbon as a reagent

Transportation Fuels

High energy density fuels allow for cars, boats, and planes

Chemical Products

Carbon forms the backbone of all organic chemical
and material products

All food contains carbon

Nutrition

Our biochemistry is entirely dependent on carbon,
as is all of the food that we eat

DNA: The green is carbon.

1,3-butadiene
(precursor for rubber)

Terephthalate
(PET plastic)
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TS
But Problematic When Combusted

GHG Emissions (CO,, CH,) Particulate Emissions

!. | Co;

Climate Change Increased Respiratory Iliness

NOx, SOx, and Hg Emissions

Acid Ran
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The Carbon Imperative

Energy can be
Carbon free

Liquid Fuels &
Petrochemicals

must contain

7

Carbon
12.0107

Efficiency
Recycle C

o

Use only as much carbon as we must!

@A D B

LanzaTgcth

capturing carbon. fueling growth.




The LanzaTech Process

Novel gas fermentation
technology captures CO-rich
gases and converts the carbon
to fuels and chemicals

Proprietary
Microbe

Gas Feed Stream

=

Gas Reception Compression Fermentation Recovery Product

* Process recycles waste carbon into
fuels and chemicals

* Process brings underutilized carbon
into the fuel pool

* Potential to make material impact on
the future energy pool (>100s of
billions of gallons per year)
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Shougang Demo: Extended Runtime, Robustness
Performance milestones achieved and exceeded for >1000 hours

SGLT SystemRun 9 - —Total Ethanol Production ~——Total Plant CO Utilization
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= 1 70%
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Time [Days]
System Run | Runtime Average CO Average Ethanol Production + Average Ethanol
(days) Utilization (%) Stripping (kg/day) Production (kg/day)
9 52+ 74.4 1344 1286
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Direct Conversion of Carbon Increases
the Efficiency of the Carbon Cycle

Fossil
Carbon
. ﬁ Inorganic Reagent
Organlg Carbon
Carbon in (CO,) Steel
biofuel in air Production
T The
Conversion Organic LanzaTech
in biofuel Carbon Process

process ﬁ in plant

Shortening the carbon cycle!
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Carbon Efficiency Means Cleaner Air: Emissions Savings (WtT)

5.2 barrels of gasoline
are displaced by every
tonne of ethanol

produced

1 tonne ethanol produced
as CO averted from flare

The LanzaTech Process

Gas reception CompressionFermentation Recovery Product
tank

Per tonne of Lanzanol

COo, MT kg PM kg NOx kg SOx
Averted from flare 2.1 0.6 4.1 0.9
Displaced gasoline +0.5 +2.5 +7.4 +4.0
Energy required for
LanzaTech Process 0.8 ez U LB
Avoided per —, g 2.9 10.7 3.3

tonne of ethanol
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LanzaTech RSB Certification

 LanzaTech received RSB certification
for Shougang demonstration plant in
October 2013

* Certification included evaluation of:

— Environmental, economic and social
management practices

— Greenhouse gas emissions of process
— On-site audit of production process

— Safety procedures

« Shougang on site demo plant audit
occurred September 2013
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ROUNDTABLE ON SUSTAINABLE BIOMATERIALS

News Release :
=0
lanzaTech®
Beijing Shougang LanzaTech New Energy Science & Technology Company
Earns Roundtable on Sustainable Biomaterials (RSB) Certification

LonzaTech's joint wantare with Stosgeng Angtasg iren and Stee! Unkted Compary and the
Tang Ming Grou eam; fst-ever 258 zertificetion for waste-gos to blafuel process

WASHINGTON, D.C., USA and Baijing, Chiea [November 5, 2013) Beiiing Shougang LaszaTech New
Energy Schence & Technelogy Co, Ltd. and the Roundtable on Sustaisable B laks Services
Foendaticn, the lmplemanting entity of the RS8, asnounced today that Beifing Shougang LarnzaTech
New Energy Science & Technology Co., Ltd. has eareed RSH's sustainabilty centification fee the joint
wenture’s facility that cosverts waste steel mill gases to sustainable biotusks. The 153 & 4 global

v stardard and certification systom for Slebunls and Blomaterials production. The faclity,
which utfizes LanaaTech tecknoiogy, is she first RSB-certified biofuel plant is (hing, and the first of
s bind ampwhere 1o receive this key cerification for industrial catbon captire and uliization,

“The joint vesture uses a process that creates 2 sustainabie biofuel and does so by efficertly rewing
greenheuse gases that wauld hawe otherwise bean relessed into the atmasphere,” said Peter Ryus,
58 Servicas’ CE0. *This solition, which does not impact the food chain or lead use, meets ths RS8
peinciples and practices and serves s an example of how contitued intovation in the isdustry will
\oad to westainabio bicfusls In the futwre. We are honored 1o be workieg with LanzaToch and their
Joint vesture partness on greeshouse gas reduction and ghobal sustainabifity mpe Y

BS5 certification shows the joint venture's commitment to e limp through 2
sovel biofogical spproach that comverts waste carbon amissions from steelmaking inso biofusks and
chenicals. Using the RSB methodology snd pticns based on commeecial peaduction, it's
estimated that thanol from the process may reduce ife cycle graenhouse gas emissioas by 50
percest compared to petroleur fush.
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Routes to Alterative Jet

Petroleum

Conventional Refinery
Fischer-Tropsch (FT)  syn Gas(co, H,) Processes
Coal
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7% gevo
() Cobalt

Hydro-processing

Gasify FT Process

Hydroprocessed Esters & Fatty Acids
HEFA) from Bio-Oils

Oil Extraction
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2014 LanzaTech. All rights reserved. JAPAN AIRLINES
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Farnesene

A @ TOTAL

AMYRIS

e Sugar Fermentation for Farnesene production
 Commercial plant the Paraiso Bioenergia mill (Brazil)

* First Flight this year: GOL 737 from Orlando to Sao Paulo

N N A

LapzaTechQ
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Alcohol to Jet (ATJ) Pathway

Biomass J—’[Gasification |_

Industrial I
Waste Gases
(CO, CO/H, CO,/H,) J

Lanzalech

\ 4 f Gas
Fermentation

Basic Alcohol to Jet Conversion Pathway

Chemical Synthesis
—>  Diesel
'I Dehydration I—'[ Oligomerization I—‘—’l’ Hydrogenation I > Jet Fuel |

——» Gasoline

A 4

Water

A novel route to synthetic jet fuel
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I
LT-PNNL SPK Sample Properties

Property Tes?f/lzl/lhod é?SE;I-GI\(AS Lanzanol Jet

Hydrogen Content, mass% D7171 n/a 15.1
Freeze point, °C D5972 < -40 <-70
Flash point, °C D93 > 38 56 |
Density at 15°C, kg/L D4052 | L0 0 ar0 ey | 0-782 -
Viscosity at -20°C, cSt <8 7.4 SRR T
Heat of combustion, MJ/kg D4809 >42.8 43.8
Thermal Stability (325°C) D3241 2/25 1/0 (pass) l;np
Hydrocarbon Type Analysis renewables

Aromatics, volume % D6379 <0.5 0.21(GC)

Paraffins, mass% D2425 report 99.73 (GC)
Distillation D86

10% 205 max 181

Final Boiling Point 300 max 284

T90-T10, °C >22 85

s A S N 9 % LanzaTech®

ing carbon. fueling growth.




Property

LT-SB SPK Sample Properties

ASTM
Test
Method

LT-SB
ATJ-SPK

Total Aromatics, volume %| D1319 <25

Freeze point, °C D5972 <-40 < -60
Flash point, °C D93 > 38 46

: o 0.775-0.840

Density at 15°C, kg/L D4052 (0.751 - 0.770) 0.756
Heat of combustion, MJ/kg| D4809 >42.8 43.8 9
Hydrocarbon Type Analysis Swedish BioFuels 17

Aromatics, volume % D6379 <05 <0.2

Paraffins, mass% D2425 report 83
API Gravity at 60°F D1298 52 - 57 53.1
Olefins, % volume D1319 report 0.8

Key Properties Confirmed
@ L Smm M@ lanzaTech®



Property

ASTM
Test

Method

ASTM
D7566

LT-SB Fully Synthetic Sample Properties

DARPA
LT-SB

FAA

LT-SB
ATJ-SKA ATJ-SKA

VeI ATemEN e, DI319 | <25 14.0 16.9

volume %

Freeze point, °C D5972 <-40 <-60 <-80

Flash point, °C D93 > 38 44 49

Density at 15°C, kg/L D4052 | 0.775-0.840 0.781 0.788

Heat of combustion, | piang | 54238 43.4 43.4

MJ/kg

Hydrocarbon Type Analysis &
Aromatics, volume % D6379 <0.5 12.9 145  SwedishBioFuels ¥
Paraffins, mass% D2425 report 75 64

API Gravity at 60°F D1298 52 - 57 49.6 NA

Olefins, % volume D1319 report 2.0 1.2

100% Fully Synthetic Jet Fuel
5&Q & @ @EII ,@ ":." LanzaTechQ

ing carbon. fueling growth.



LanzaTech Ethanol Life Cycle Assessment
Third Party Study — EU Basis

¢J E4dtech

LanzaTech ethanol achieves a 76.6%
reduction in greenhouse gas emissions

over b as el Ine fOSS I I fU el Lifecycle GHG emissions following RED methodology
90 838
80 -
Key Assumptions: 70 -
* Cradle-to-pump lifecycle of ethanol S 60 -
< 50 -
* EU’s Renewal Energy Directive methodology 6‘.{. 40
o
* BOF gas considered as waste gas by steel ® 30 - 19.6
industry and as residue by RSB. 20 - ’
* GHG emissions for LanzaTech ethanol from 10 - -:
steel mill waste gas (BOF) 0 -
Fossil Fuel LanzaTech Ethanol

Fossil fuel comparator emissions (83.8 gCO2eq/MJ) from EU’s FQD

5&% & @% ,& ":" LanzaTech®

capturing carbon. fueling growth.




I —
Jet Life Cycle Assessment (China Basis)

GHG Emissions
(g CO2e/M! fuel)

LT ethanol, cradle-to-gate -40.33

Electricity, China grid 0.38

TOTAL 35.26

Meets all carbon reduction legislation

@ & @ o 9 Lanzaquh9
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TS
MSW to Jet Fuel Case

Scrap Recycling

)

Processing

drying, shredding

incl. Collection, sorting,

Alcohol to Jet ‘
Conversion ‘ Ethanol

4

Gasoline & Diesel

D i B @

Gasification
Captive Power
eneration
Fermentation Vent Gas
LanzaTech®

capturing carbon. fueling growth.
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Gas Utilization in CSTR

e===H2 ==4=CO
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Time (d) 22 24 2 timeld) 30 32

Syngas 33.43 3.8 22.52 1032 O

5&% & @% ,& ":" LanzaTech®
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Global Technology “Lab”

Syngas
Butadiene

BFG/COG e
~...§~t |anan%p ¥ ,

Syngas
2,3BDO

MSW

-

SK ‘innovation

Asia

Daejeon, South Korea |-
S/U: Q4 2014

S/U: Q2 2015

PV LANTE L ech
Caofeidian, China
S/U: Q12013
100K gpy

Freedom Pines
Soperton, GA
S/U: TBD

Kaoshiung, Taiwan
15K gpy

@ BAOSTEEL
S/U: Q1 2014

< | )
C\QREXIBOF

Shanghai, China
S/U: Q12012
100K gpy

Glenbrook Pilot
Auckland, NZ
S/U: 2008
8K gpy

Process
Development

Multiple plants at various scales all
demonstrating different key aspects of process

5&% & §§ ,& ‘:" LanzaTechQ

capturing carbon. fueling growth.




I —
Jet Life Cycle Assessment

GHG Emissions
(g CO2e/MJ fuel)

LT ethanol from MSW -73.3
Hydrogen, SMR 2.3
Electricity, China grid 0.1
Fuel combustion 74.4
TOTAL 3.4
Reduction from fossil fuel 96%

* Energy efficiency, MSW to hydrocarbon fuel: 55%

d‘&% & @% ,@ ‘:" LanzaTech®

capturing carbon. fueling growth.
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I ———
PNNL, Imperium and LanzaTech Collaboration

e Development
* Proprietary catalyst preparation method
e Testing of process conditions to support scale-up
* Integration of process steps for continuous production

e Validation

* Production of specification samples from Lanzanol for certification of
ASTM pathway

e Scale-Up
» Scale-up of proprietary catalyst preparation to commercial vendor
 Commercial catalyst selection for non-proprietary portions of process
* Process modeling and Flow Diagram development

5&Q & @ ’@ "':.-" Lgmﬂgﬂg&h@



Lanzanol to Jet Fuel: Road to ASTM Pathway
Certification & Commercialization

Production of Jet Fuel
for Engine Testing &
Test Flight

ASTM Certification
&
Commercial Scale
Production

Process Scale-up and
Catalyst Development with PNNL

A

N
-

o & @D e LanzaTech§
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Commercialization of Aviation Fuel

HSBC€<X» Vvidn arlanric@

@_ﬂﬂf]ﬂa

U.S. DEPARTMENT OF

Energy Efficiency &
ENERGY Renewable Energy

@A B e

~

NPacl_i]fic ;
orthwest  Imperium
LT L S renewables

World First Proving Flight using
sustainable ATJ from steel mill off gases

Flight will provide fuel performance data to
help accelerate ASTM certification of ATJ
production pathway

LanzaTech®




ASTM Certification Progress

Alcohol to Jet (ATJ) Pathway
* Alcohol to Jet Fuel Taskforce created in 2010

* Taskforce Members: ATJ Technology Providers, Airlines, Engine OEMs, and Air Frame Manufactures

* ATJ Technology Providers at different scales and process readiness levels cooperating on ASTM
pathway certification

Late-2010 to Mid-2012 Mid-2011 to 2013
( | [
Specification > Fit-For-Purpose Component/Rig > Engine/APU
Properties Properties Testing Testing
. ASTM
Revised or New ASTM BaIIoting FAA & OEM Research
ASTM Spec Process Review & Approval Report
\ l
|
Expected in 2015 currenﬂy receiving ReVIsed early
Feedback 2014

ATJ-SPK ASTM Research Report Under review by FAA and OEMs

@A B e

LanzaTech®
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I
ASTM Alcohol to Jet Pathway

4 ) ( Y Y | r ‘
Biomass
Offgas 1.Dehydration
> Alcohol C2-C5 2.0ligomerization Paraffins
Municipal Synthesis Alcohols 3.Hydrogenation
Solid Waste 4.Fractionation
Etc.
\. J \ y, \ y, \ y, \ ),

- C2 to C5 alcohols represent the feedstock for the ATJ-SPK pathway
- ATJ-SPK pathway

- Dehydration of alcohol to an olefin

- Oligomerization of olefin to a longer molecule

- Hydrogenation

- Fractional distillation to select the jet fuel
- Pathway steps have all been demonstrated at commercial scale

individually (known thermochem technology)

5&Q & @ ’M} ":" LgmnzaTechQ

uring carbon. fueling growth.
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Using and Commercializing CO,

LanzaTech®



Direct Conversion of CO,

DAUIAN INSTITUTE OF CHEMICAL PHYSICS,
‘A & CHINESE ACADEMY OF SCIENCES

X
<e??

m—) Acetate ]

%

ipids >70% of cell mass

IndianQil

Lipids >50% of cell mass; 40% Omega-3s

Lipids Product Markets

D »wO® B

Hydrocarbon Transport Fuels Oleochemicals Animal Feeds Food, Nutritional Supplements
>US $ 3 trillion/year US $15 billion/yr US $370 billionlyr US $25 billion/yr

d‘&% & §§ ,@ "-f" LanzaTech®
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Biofuels “Done Right”

No impact on water, food, land or biodiversity

 Provide a sustainable solution to our climate and
energy challenges

* Provide energy security from sustainable, regional
resources

* Provide affordable options to meet growing
demand in emerging economies

* Provide economic development
that creates “green jobs”

.
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LanzaTech®
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Diverse Products in Large Markets

Butanol

Butanediol
4 Propanol Vi

|
/
/

~50 M MTA

. Hydrocarbon
“ . Fuels

4
y

*2010 global consumption data -Harts, IEA

LanzaTech®

capturing carbon. fueling growth.
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Potential Future Aviation Applications

Exterior paints and coatings
(MEK, acetone, butanols)

/ Synthetic rubbers
(butadiene, butylenes, isoprene)

Polyurethane
seating foams
(2,3-BDO, other polyols)

Structural and interior adhesives Interior plastic mouldings
(butadiene, butylenes) (acetic acid, ethanol, butadiene,
acrylates, 2,3-BDO, other polyols)

&&Q & §§ ,@ "-f" LanzaTech®

capturing carbon. fueling growth.
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LanzaTech Global Partnerships

BOEING

”Q INVISTA Q _jL-

ofe .o i
ot ",‘3 MR=L WTI

(\Og

Swedish BioFuels "

@ BAOSTEEL

C
© s e "‘-.l = 7
IndianOil I Burrill & Co.
[ Jn\u)/ub
STEEL & POWER pmnlu!@ £
7 )

o & @ il

capturing carbon. fueling growth.


http://www.sk.com/
http://www.sk.com/
http://corporate.evonik.com/en
http://corporate.evonik.com/en

I ———
Innovation, Strong Will and Regulation!

Unsafe and inefficient industrial products and
processes continue to lead to dangerous
levels of pollution in the air we breathe

=

PM 2.5 level of
120+pg/m3

PM 2.5 level of 76ug/m3 New Delhi

PM 2.5 level of 92ug/m3

" PM 2.5 level of 59ug/m?

-

Environmental regulatlons have
improved conditions...but it is a Beljing
work in progress

@A D B

May 2014, WHO global PM2.5 annual mean

LanzaTechQ

capturing carbon. fueling growth.




. Carbon, the Final Frontier.




"I BELIEVE THAT IF ONE ALWAYS
LOOKED AT THE SKIES, ONE WOULD
END UP WITH WINGS."

GUSTAVE FLAUBERT
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