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No such thing as waste
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Started Up May 3" 2018!
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Status Shougang Commercial Plant
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Shougang LanzaTech

Inoculator Start-up: May 3

All unit operations running
(gas clean up, fermenters,
distillation, WWT, biomass recovery)

-
95% single train design production
100% of design selectivity

100 t/day production
(35,000 gallons/day)

/0% direct water recycle

> 15 million liters produced to date
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Compelling Project Economics at 1st Commercial Plant
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Production Levels CapEx per Gallon Gas Payback Period
that Enable of ~$3.25 BTU Value ~3 Years
Profitability
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It takes Time....It takes Data
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SEKISUI
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= L Japan
‘br\ > Caofeidian, China Q4 2014
- W _ Q12013

Freedom Pines
Soperton, GA
2015

LanzaTech® .

& CELEBRATING
T ] 13 YEARS

300 MTA LR
: ﬂt‘ﬂ Multiple Demo plants
N J—— at various scales;
70,000 operating hours

6

Glenbrook Pilot
Auckland, NZ
2008

15 MTA

@) BAOSTEEL

[ Shanghai, China
Q1 2012
300 MTA

Kaohsiung, Taiwan
Q12014
30 MTA

Strain
Development

Demo ‘ Commercial
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Industrial Process Package:

55 28 Gm=

ok

Industrial Microbe  Bioreactor Design  Process Engineering  Process Operation Support logistics

Enabling global technology deployment
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T
Steel Mill Value Proposition

0.18
0.16

0.14
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0.08
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0.04 —
0.02

Power Ethanol

USS/Cubic Meter Gas

2X More returns from ethanol than from electricity

No Carbon Left Behind LanzaTechQ



S
Environmental Benefits of Our Ethanol Fuels: Waste-Gas Ethanol

GHG Emissions
100

* Ethanol produced from steel mill
waste-gas at our commercial and
upcoming facilities.

* LanzaTech ethanol can provide a

g-CO,e/MJ-Fuel
ul
o

75-90% savings in emissions 40
compared to a fossil gasoline. 30
20
10
0 e
Shougang Arcelor Gasoline
(China) (Europe)
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Gasification and Fermentation

Proprietary
Microbe
Unsorted Clostridium
Unrecyclable autoethanogenum
MSW

r

-ézfs 7 j ® .
i »
Biomass
Residues Gas i
Feed COMPression Recovery PI_'I_oac:‘l;(ct

Stream

Variety of Feedstocks Successfully Demonstrated
with Integrated Gasification Unit

No Carbon Left Behind Daniell, Kopke (2012). Commercial Biomass Syngas Fermentation. Energies: 5: 5372-5417 LanzaTechQ
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T
Consistent Performance Through Sequential Campaigns at MSW Pilot Plant
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Highly Robust Process in Face
of a Fluctuating Syngas
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- Stable ethanol selectivity at 95%
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No Carbon Left Behind

Highly Consistent Ethanol Production
Performance Within and Across Campaigns

100%
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Gas Utilization (%)

Gas utilization above target
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Demonstrated 90% water recycle
- Low environmental footprint

LanzaTech®



. s Deployment Pipeline

indianoil © 2020
Refining

(- + 52KTPA
SWAYANA« 2020

Ferro Alloy

@ e 48K TPA
* Operating
LGRS

Shougang LanzaTech

* 62K TPA
ArcelorMittal ¢ 2020

« 35K TPA Ethanol
A AEMETIS « 2020
Biomass
SEKISUl - TBD
MSW
No Carb-r‘i .Lef Behind LanzaTech')



Local Input
Global Impact

Totalslyear Relative to Today
l\rcelorN\lt’rcnI

480B Gallons ~35% of transport fuel

705M Cars off the road ~75% of passenger cars

IndianOil

l»1:y: 2.6M mt CO, ~7% of Global CO,
p , TR _METIS
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Refining

Ferro Alloy

Steel mill

Biomass

MSW
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Ethanol
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Alcohol-to-Hydrocarbons
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4 W, * Jet &
«5 '1;3 Dehydration —»[ Oligomerization ]—»[ Hydrogenation H Fractionation ]_, Diesel

Ethanol >
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Pacific
Northwest Ethanol Ethylene C,4- Coy Olefins
NATIONAL Paraffns and |soParaffins
LABORATORY
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Energy Efficiency &
Renewable Energy
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ASTM INTERNATIONAL

4 N
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 %

" J
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Environmental Benefits of LanzaJet

GHG Emissions

> 100
Lanzajet™" y
80
* SPK can be produced from any ethanol = 70
source. Steel waste gas ethanol is from 2
Arcelor Mittal project (Ghent). E 50
. . 3” 40

* lLanzalet can provide a 29-83% savings <
in emissions compared to a fossil jet fuel. 0
20
10
0

Steel waste Cornstarch Cornstover Sugarcane Fossil Jet
(Europe)

Source of ethanol
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Complete Synthetic Biology Platform Developed

Pathway Discovery

Northwestern

NTHETIC BIOLOGY

/ Automated
strain evolution
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gen
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Machine Learning

Agile ﬁ

BioFoundry
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/Advanced Genetic\
Toolbox

CRISPR Multiplexing
*  Proprietary Homologous
Recombination Tool

mxl

/ Anaerobic \
Biofoundry
/ . . \ ‘l'\'; > ; L; .. * Automated
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* Reduced
footprint

e >10x time
savings
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* >1000x
reagent cost
savings

\ UL
/ ell-free prototypln\

<
.r NTHETIC BIOLO

Oéﬁ'éﬁay

lul

o i Wl - >20xtime
E@E{QQQ?’?'? - savings
K pem Mioturen W e >10x cost
¥ savings
“M“@Qﬁ aggw ¢ >100x
!!L’giﬁ% higher
3'!3.“333 ........... throughput

] @enescy
/

LanzaTech®




Ferro Alloy

Packagmg

Steel Mill i
Fixing Carbon +
Biomass Adding Value g;
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Demonstrated Range of Chemistries and Functional Groups to Date
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Direct production from gas demonstrated for wide range of functional classes,

including control over stereochemistry
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Gas to Acetone: Strain Development T T— 7
©cicrey JO/ A
4 co/co, _
$ * No organism known that produces acetone from gaseous feedstocks

2 Acetyl-CoA * Microbial acetone production through ABE well known

708 Thl

sequences </i ™A« LanzaTech owns a collections of >400 industrial ABE strains

Acetoacetyl-CoA

* Rapid prototyping of identified genes through LanzaTech’s advanced genetic

426 CtiAB == T N engineering platform improved acetone production from gas by >10x
sequences X % CHAB 6
S :’ ’,‘f;?: v

Acetyl-CoA

hY#

Acetoacetate >10x improvement
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Waste Gas To Acetone: Scale Up

* A continuous process has been developed and successfully scaled up
* High correlation between lab and pilot process

y W

R?=0.9902 o

> 6

Gas uptake

0 0.5 1 1.5 2 2.5
Ethanol + Acetone (g/L/h)

No Carbon Left Behind

U.S. DEPARTMENT OF

ENERGY
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Waste Gas to Acetone

Reforming /
Cracking / PDH
Benzene + Propylene
Cumene
Process
:

Condensation ‘
@]

Polymerization ‘ o)
PMMA %
n

* Fresh fossil resources as starting material
(Coal use has additional negative social & environmental impacts)
* High energy (Reforming/Cracking) demand
* Waste management (Cumene process produces 1 mol waste per 1 mol product)
* Supply dependent on phenol production (predicted to decline)

No Carbon Left Behind

Direct
Fermentation

Condensation

Polymerization ‘ |
0] @]

PMMA %
n

Waste and residue feedstocks
Independent of phenol production
Reduced GHGs and water

150% GHG savings for acetone

-

LanzaTech®



S
Environmental Benefits of LanzaTech Chemicals from waste

* All chemicals are produced from gas fermentation of steel making waste-gases. There are produced directly
(direct acetone) or through multiple steps (ethanol -> ethylene, isopropanol -> propylene)

* QOur chemicals can provide substantial GHG emissions savings over chemicals produced by fossil routes.

LanzaTech Propylene LanzaTech Acetone LanzaTech Ethylene
2.5 3.0 2.0
2.0 2.5 1.5
g 15 ’q:T 2.0 2
1.0
w2 10 2 9 15 0 O
S a = © 93 10 S £ 05
3 2 05 28 . 8%
= £ . oo O.
€ w 00 £z £
O o -05 ) Q9 ~ U
I =~ T O o5 IO
e (G ) ©CQ o0
O -1.0 % _1.0 69
60 =z - X
= -15 -1.5 = L3
-2.0 -2.0 -2.0
LanzaTech Conventional LanzaTech Conventional LanzaTech Conventional
Propylene Propylene Acetone Acetone Ethylene Ethylene
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U.S. DEPARTMENT OF Northwestern J BE'

ENERGY #msimeric vt v

« World-first biofoundry that works in context of anaerobic organisms and toxic and flammable gases

Clostridium Biofoundry (cBioFab)

Fully automated workflows include: Assembly of pathways, Cell-free prototyping of pathways, Generation and banking of
strains, Screening of strains

Fully integrated operations include: Microfluidics (plasmid assembly, electroporation), Colony picking, Advanced robotics,
Automated incubators, HT readers and analytics

Modular design allows for seamless expansion: Current capacity >4,000 strains per cycle; Expandable to >16,000
strains per cycle and module

No Carbon Left Behind LanzaTechQ



15

DISRUPTION = 1) Rapid Reaction to
Market Fluctuatlons 2) Feedstock # Commodlty
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Enabling the Circular Economy

Light Strong Steel for Planes....

Recycle

9%
o

No Carbon Left Behind LanzaTechQ



The World is Debating

1.z°cl

The Time for Debate is Over!

No Carbon Left Behind LanzaTechQ



HIGHEST NOCTURNAL TEMPERATURE IN HISTORY RECORDED IN KHASAB: .
GEOCLIMAT -2

By Zain al Taugi

National Weather Service Adds New
Colors So It Can Map Harvey's Rains

MUSCAT - French weather data compiling and analysis site Géoclimat claims that the
. “ highest ever nocturnal temperature recorded globally was on the night of June 16-17 in
Khasab as the temperature did not drop below 44 2°C.

i -
‘ THE TIMES OF INDIA
r ‘Twmrmrslh ire didn’t dron heloaw A4 7% durinn the ninht of line 14 cITY
BEE o s Menu ~ R e L~

SEWS T T

Home | Video =World US&Canada UK Business = Tech Science = Stories | Enterta Rajasthan's Phalodi sizzles at 51°C,
US. & CariEts highest ever temperature in country

It's So Hot in Australia
That They Added New
Colors to the Weather Map

Phoenix flights cancelled because it's too
hot for planes

Floods in drought season: is this the
future *n parts of India?

This deep purple s a brand-new shade that the Austradan bureau of
mealsorclogy was forced 10 add 10 A8 heat index bacause thee country
5, you know, kind of on fire

® 20 June 2017

January 2018:
Arctic 45 degrees above
Normal




Decreases in global beer supply due to extreme drought and heat!
Wei Xie, et. al. Nature Plants (2018)

No Carbon Left Behind

IF WE DON'T ACT TO PREVENT

CLIMATE CHANGE B¢

YOUR BEER -
COULD GET
MORE EXPENSIVE AND TASTE BAD

“Future climate and pricing conditions could put beer out of

reach for hundreds of millions of people around the world,”
Prof Steven Davis; University of California, Irvine.

LanzaTech®



Crossing the Valley of Death

Discovery

Applied R&D

Engineering
Development

Pilot and
Demonstration

SS

Ease of funding mses)

SSS

Continuous
improvement
at scale

Adapt and adopt
from others

@ Diffusion

First Commercial L‘ll

Sustainable enterprise

Evolution

No Carbon Left Behind
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It Takes...

Data Time Money
>$250M
A @enosten LanZ&TeChQ khosla ventures EZIKTWY
O 6 sexisu CED CELEBRATING G CICC izmmss
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SIEMENS
70,000 operating [1-BASE CITICEAPTTAL
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Questions?

Harvest Oil From
Dinosaur Fossils _

Kill and Bury Clone Dinosaurs In
Dinosaurs Laboratory

No Carbon Left Behind LanzaTechQ



