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Collaboration encourages equal sharing in children

but not in chimpanzees
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Bl Birth of Modern Chemicals




B Chemical Industry Snapshot
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B Polyolefin Growth
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B QOur Previous Reality.....
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Bl Global Feedstock Slates Differ

[l cthane [lloropane [llbutane [fraphtha[JMTO/CTO[ Jother

naphtha
ethane ™

propane




B Ethylene Cumulative Supply - 2003

Cash Cost for Ethylene
($/metric ton)
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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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B Mud Happened in Many Places




Bl Robust Transmission Infrastructure

US Advantages
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*Existing Petrochemcial complex
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Bl Shale Gas Growth

associated gas
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Bl Global Gas Price
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B US Trend
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B Growth in NGLs
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B NGL Production Doubles by 2020
5,000
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Bl Energy Cost
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BN Rapid Change
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Live Long and Prosper




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




BN Announced Projects




B |ndustry Growth

Value of chemical shipments
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Bl |[mpact of Chemical Industry on R&D

$93 billion

In 2015, American Chemistry
invested $93 billion in research
and development, or more &

than $290 per person in w
the U.S.

We invest more to innovate
than the electronic, automobile,
and healthcare industries.




Bl Exciting Times
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Bl Energy Cost
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B Falling Oil Prices

1200

1000

oo

o

o
|

($/metric ton)

B

o

o
|

Asia

Cash Cost for Ethylene

Middle East
200 J |
— North America
source: [HS, Morgan Saniey /CIS
0 | | | | | | [
0 20 40 60 80 100 120 140 160

Cumulative Capacity, million metric tons/yr



B NGLs Still Advantaged In The U.S.
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B Naphtha vs Ethane Cracking Comparison

fuel oil
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Bl All Reaction Products Find Uses







B Production of C3/C4 Dropped

Index
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HE On-demand Propylene Production

Depropaniz

Propane
Feed
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mm Butadiene Price Inflation
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Hl Butadiene Shortfall
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Biology to Make C4 LanzaTechQ

Industrial
Streams

Fa oK
{' )
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; Rubber (SBR) ‘k\;i ”
High Energy
Impact Bioproducts Global Market Size:
— VB o WP | HP (T-An bl||I0n

Polybutadiene
Rubber (BR)

Global Market Size:
~3 million tons, ~$8 billion
Global Market Size:
~11 million tons, ~$22 billion \
|
Global Market Size:
~8 million tons, ~$16 billion

e ————

Acrylonitrile Butadiene Styrene
(ABS) Resins

-»)
i

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

(from Adiponitrile/HDMA)
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= Route to Key C4 Chemicals

Near Term:
2 steps — improvements needed

OH
CO+H, mumm e Ay
3

OH

2,3-Butanediol

No viable
route
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New Route to C,’s without current supply challenges
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B Rubber Monomers
microbes carbohydrates sunlight
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Bl Adiponitrile
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Does the name Intrepid
mean anything to you?



= NGL Export
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B Ethane Export
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2025 Sustainability Geals

Leading the

Delivering
Blueprint

Breakthrough
Innovations

Advancing a Valuing
Circular
Economy

increasing
Nature Confidence in
Chemical
Technology

Engaging
Employees for
Impact

World-Leading
Operations
Performance




Bl Systainable?

52



B |s this Cup Sustainable?

How about this one?
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HH |ife Cycle Assessment

raction

processing

manufacture
a "
water

adapted from sustainable-graphic-design.blogspot.com
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Bl Which is more sustainable?

paper
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Bl Which is more sustainable?

= =
A vegan in a Hummer
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Bl Embodied Fossil Energy










B Financial Way of Looking At Benefit

$

Expenditure

40~ -l
30—
20—
10—

T Benefit

1 ‘i_ ““““““““““““““““““““ -

Net
Present
Value

$0.11/kWh, 2 hr per day
$8 CFL, $0.50 incan, 10%
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B Why Not Sustainability?

~ kWh 3

500—

400—

300—

> Net Benefit

200—

100—

T Benefit

e ——— J

2 hr per day

l Expenditure 14 W CFL, 60 W incand

S Dow 2
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B Misconceptions Demean Advances
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Bl Fresh Water Production

—
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Simple Distillation ~600 kWh/m?3
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mE RO Cartridge Benefit

Energy

l Expenditure

> Net Benefit
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Bl Carbon Fiber Benefit

Energy

A Benefit

Y Expenditure

—— S J

15 years

Net Benefit

Based on T. Suzuki and J. Takahashi, "LCA of Lightweight Vehicles by Using CFRP for Mass-produced Vehicles",
Proceedings of 15th International Conference on Composite Materials (ICCM-15), (2005-6), pp.1-4.

Assumes 23.8 mpg and 13,476 miles driven (2013 average US passenger car) and 36.1% weight reduction fit to Ricardo
lightweighting study.

>
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Bl [mportance of Recycle
[] CF production [ ]assembly, molding

[_] material recovery [l steel or resin production

steel I
g -

virgin CFRTS

recyle CFRTS
D 132

recycle CFRTP (105

198

15
13
10

—

virgin CFRTP

Suzuki, Tetsuya, and Jun Takahashi. "Prediction of energy intensity of carbon fiber reinforced plastics for
mass-produced passenger cars." In Proceedings of 9th Japan International SAMPE Symposium, pp. 14-
19. 2005.

0 50 100 150 200 250
Energy Intensity (MJ/kg)
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Bl Packaging Addresses Global Challenges

30-40% food

grown is wasted.
=3 Muc_h of it to
' spoilage.




Bl Food Waste

F-LPLLOI-S-2A-R24 NES) ‘TLogseqwades 1 Joakood alETad pood JWoGls 'OWd PUE FLOZ/AE LOT 48 W VBT UG, JOHN Wy & &

H.
—

India Japan

Russia

M~ © (g < o (V| > o
(*00 suo} al3awW Jo suol|jiq)

SuoIsSIWg OHO

70



Bl Frustration with Packaging
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B Flexible Packaging Is More Sustainable Packaging

/ Top and Bottom Handles

« Easy handling

Re-Closable Cap ==

* Precision pouring

* Maximum filling content
utilization

Cubic Shape
4« . Shelf Stable &

Maximizes Shipping
Efficiency

Flexible Design
* Four Print Surfaces
Superior drop resistance
Reduce excess head spa
Improved dispensing
Collapses easily

Space Saving
* Ships and Stores
Flat when Unfilled




B Flexible packaging helps

increase shelf life

Using only a
few grams
of flexible
plastic

packaging FLEXIBLE PLASTIC PACKAGING
extends the HELPS IN-STORE WASTE

shelf life of a
cucumber by

% !r?fftffmﬁ_ o under 1 EJ’EEM’J_

more than o INCREASING
| HELF LIFE

@ Source: Incpen 74




m | CA Studies on Packaging

The use of non-plastics alternatives
would increase energy use by 82%,
equivalent to the energy from

91 oil tankers.

PACKAGING

ALTERNATE MATERIALS

i Most plastics can
be recycled

<> 75
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Bl Stand-up pouch packaging reduces waste
and brings energy savings

Impact per 100 oz Cereal

Package Landfill ' rocess Total

Contents GHG**

Type - E *x
Discard (kg CO? nergy

“'7 5_\2[
[/ N
- /
Organix
AI.LNATI.EAI.GRANOIA

s*(9) Eq) (MJ)
Paperboard
an 11 oz 380.0 .861 12.1
i 5 HDPE Liner
Stand-U
Baah P 120z | 1175 265 9.25

g . Bl
% ."fA o
.
bl 67
o R SR g
‘y N.uNF-“;__:k

Bl
X T 10
;

Or;amx

Landfill Discards 68%

GHG 69%
Energy 23%

fruit and nut




Bl Flexible Packaging Examples

package.com
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Bl Waste Reduction Hierarchy

A
- R
W Recycle

Wl Downcycle
W Recover
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Bl Explore New End of Life Options




Bl Per Capita Energy Use
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