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Bl Birth of Modern Chemicals
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Bl Chemical Industry Snapshot

Raw Materials Cracker Products
MTO steam cracker C O 2
o 2 '
‘ source. ICISCB
Propane PDH ; N

Naphtha/
Gas Oil

Ethylene

— Other

source: CMAI2012

source: 2011 BP Stafistical Review

source: CMAI 2012

>



Bl Polyolefin Growth
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Bl Our Previous Reality.....
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Bl Ethylene Cumulative Supply - 2003

1200

($/metric ton)
T

Cash Cost for Ethylene

200 -

Middle East

Asia

Europe

MNaorth America

source - [HE, Momgan Sfanley, IGI5

0

!
20

| |
40 60

|
80

| | |
100 120 140 160

Cumulative Capacity, million metric tons/yr



Bl Global Feedstock Slates Differ
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Bl Shale Gas Growth
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Bl Global Gas Price
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Bl Growth in NGLs

NGL Production (million B/d)
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B Rapid Change

1200

e e

s f_/ asia 2014
(b 1000 —
E"' .Europe
=T .
l o 800+ from disadvantaged
o0 to advantaged
u— s
..{3 @ 600
%
O = 400 ¢
c . North America
()] Middle East Asia Europe
©
O 200+ — MNorth America
0 I | | I | | - II ,
0 20 40 60 80 100 120 140 160

Cumulative Capacity, million metric tons/yr



Live Long and Prosper




Bl Economic Impact of Shale Gas
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Bl |ndustry Growth
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Bl Exciting Times
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Bl Energy Cost
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B Falling Oil Prices
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Bl NGLs Still Advantaged In The U.S.
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Bl Naphtha vs Ethane Cracking Comparison
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Bl A|| Reaction Products Find Uses




Bl US Trend
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B What’s Gone Away?
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Bl PDH
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Bl \NGL Export
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Bl Scale Always Wins

If you are moving

mass and heat

around, and cost of

production is most

Important, scale
“always wins. J
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Source of Confusion

A mixture containing a
valuable chemical Is not
the same as a valuable
mixture of chemicals.
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mm Make The Cracker Better
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Hll New Addition to Feedstock Slate
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Bl Coal-to-Olefins
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Bl \ethanol-to-Olefins
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Bl Announced Projects
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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".







Distribution of proved gas reserves: 1994, 2004 and 2014

Percentage

B Middle East

M Europe & Eurasia
Asia Pacific

W Africa

® North America

W S. & Cent. America

2014
Total 187.1

trillion cubic

2004 metres

Total 156.5

1994 : trillion cubic

Total 119.1 metres
trillion cubic
metres

BP Statistical Review of World Energy 2015
@ © BP p.l.c. 2015
3






Bl Direct Methane Use
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Bl Activity Peaked and Fell
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Bl Constraints
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Bl Oxygen Storage Riser Idea

Solids density In riser
sets concentration of
“oxidant”

Riser velocity sets
reaction time

Reactor constrains both
capacity and rate

For it to work, must have oxygen capacity, rate
and regenerabillity.
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Bl \ethane
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Bl Energy Cost
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Bl Conventional Production
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Bl Conventional VCM
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Breakthrough
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Lab Results

84% selectivity to
VCM + EDC + EtCl

Ethylene in =
Ethylene out
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Bl | anthanide Catalyst
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mm Options for Olefins
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Bl Experience From 2004

ignition quench
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"“The Dow Methane Challenge




B 1991 Top 50 U.S. Chemical Companies
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Bl Chemical Industry Key Concepts

«Capital-don’t want to spend it
*Risk-won’t tolerate it
eScale-economics demand it
*Purity-markets demand it
Commoditization-avoid it






