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Hl | Save Time by Using Fossil Fuels
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Bl | Waste Time and Money At Home
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Bl | Waste Time and Money At Home
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Bl Some Things | Do For Sustainability Save Me Money

but “customer” satisfaction is an issue
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Bl Embodied Fossil Energy







Bl Perception vs Reality
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Bl Perception vs Reality
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mm Sustainability is Unsustainable?
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mE Metaphor for Sustainability
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Bl Ordered
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Bl Disordered




Bl Systainable?
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B |s this Cup Sustainable?

You can’t know by just looking.
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How about this one?
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B | ife Cycle Assessment

raction

processing

manufacture

GA - -~

distribution

disposal

adapted from sustainable-graphic-design.blogspot.com

25



Bl Which is more sustainable?
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B Which is better?
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Bl Which is more sustainable?

A meat-eater in a Priug

A vegan in a Hummer
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B Financial Way of Looking At Benefit
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B Why Not Sustainability?
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B Misconceptions Demean Advances
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Bl Fresh Water Production
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mE RO Cartridge Benefit
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Bl Carbon Fiber Benefit
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Proceedings of 15th International Conference on Composite Materials (ICCM-15), (2005-6), pp.1-4.
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Bl [mportance of Recycle
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Bl Per Capita Energy Use
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Bl Roll Coal




Bl Recent Industry History
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Bl Recent Industry History

$/barrel (oil only)
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Shale is a fine-grained sedimentary rock that forms
from the compaction of silt and clay-size mineral

particles that we commonly call "mud".
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Live Long and Prosper




BN Announced Projects




Bl Economic Impact of Shale Gas

637,000 $243 billion

Permanent NEW jobs by 2023 Permanent NEW U.S. economic output by

throughout the U.S. economy from 2020 from $81 billion in new chemical
$81 billion in new chemical industry industry output

output




Bl Robust Transmission Infrastructure

US Advantages J
*Pipelines
*Existing Petrochemcial complex
“Water MLy
*Geology
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B Mud Happened in Many Places




Bl Shale Gas Growth
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Bl Global Gas Price

$16 5
$14 -
E Japan
$12—§ A Germany
E = / Belgium
m $10 E <— Brazil
E —: India
$8 -
=
H =
" . NS
YEVD
Ery ,/A U.S.
$2 -
: i
0 . LI L L I rrrrprrrid I | 5T SR L R LA I rrrrprrria I rrrrprrinri I LI
200 2004 2006 2008 2010 2012




B |[mpact of Low Gas Prices

Ethylene Production Costs

($/pound)
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B NGL Production Doubles by 2020
5,000

pentane+
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B Ethane Export




B Cracking Comparison
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Bl All Reaction Products Find Uses




B Chemical Price Follows Oil

WTI ($/barrel)
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Bl Fthane Price Now Tracks Gas
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B Production of C3/C4 Dropped
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Correction
ethane is incorrect...should be ethylene.


= What’s Gone Away?
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HE On-demand Propylene Production

Depropaniz

Propane
Feed




mm Butadiene Price Inflation

1.25 - Butadiene Price $/lb, CMAI
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Hl Butadiene Shortfall
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Biology to Make C4 LanzaTechQ

Industrial
Streams

Styrene Butadiene | {71

. Rubber (SBR
High Energy (S8R

Impact Bioproducts Global Market Size:
. ~4 .9 million tons, ~$13 billion

Polybutadiene
Rubber (BR)

Global Market Size:

Butadiene ~3 million tons, ~$8 billion

Global Market Size:
~11 million tons, ~$22 billion

Acrylonitrile Butadiene Styrene
(ABS) Resins

Global Market Size:
~8 million tons, ~$16 billion

Biomass Ethanol
NG Advanced
Coal Biofuel
MSW/DSW Nylon 6,6

(from Adiponitrile/HDMA)

@ Global Market Size:
: ~1.8 million tons, ~$6.9 billion




= Route to Key C4 Chemicals

Near Term:
2 steps — improvements needed
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CO+H, s e Ay
OH

2,3-Butanediol

No viable
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New Route to C,’s without current supply challenges
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B Rubber Monomers
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Bl Adiponitrile








