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Our Industry

Turning Feedstocks Into Essential Products
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Chemicals & Energy
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The chemical industry consumes energy in order to transform
carbon fuels into functional materials
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Global Carbon Flows
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Basic Raw Material Transformations

Technology is Decades Old

Chlorine Ethylene Oxide Ethylene Oxide Ethylene Dichloride Propylene Oxide
(Electrolysis of Brine) (Chlorohydrin)  (Direct Oxidation) (Oxychlorination) (H,0,)

Butadiene Steam
Cracking

1900 % 1910 % 1920 % 1930 » 1940 » 1950 %1960 » 1970 » 1980 1990 % 2000

Propylene Steam Styrene Ethylene Dichloride Chlorine
Cracking—— (EB Cracking) | (Direct Chlorination) (Membrane)
Cell Effluent Ethylene Steam  Propylene Oxide Low Pressure Cell Effluent
(Electrolysis of Brine)  Cracking (Chlorohydrin) Methanol (Membrane)

Lots of ideas, limited success
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Energy Volatility — It's Been a Rough Decade
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Regional Price Differentials: Natural Gas
Lack of a Global Market Due to Shipping, Other Factors

~§outh Korea
$8.50

Japan
$8.50

S Trinidad
$1.90 .

>$100 Billion Extra Cost

$US Per Million BTUs
Recent estimate — November 2008

Jan-01 Jan-03 Jan -05 Jan -07

$1 increase = $3.7 Billion Annual Incremental Cost to
the U.S. Chemical Industry
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Off Limits U.S. Natural Gas Reserves

Most untapped reserves are:
= Legally off limits OR...

- De facto off limits OR... r.r

= Federal lease regulations
bring cost and timing issues

Source: PFC Energy (consultant)

Annual:
U.S. Consumption = 22 TCF

U.S. Chemical Consumption = 2.5 TCF astern Gulf
of Mexico

11 TCF

U.S. industry is at a competitive disadvantage
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Comparing Feedstocks

Access to prime olefins is key. Consider thermodynamics, price per unit energy,
energy density, and tradeoff between capital and variable cost.

< Non-traditional Feedstocks —»{

~0.3 GTCl/yr

Traditional
Feedstocks ==
(naphtha, NGL)

60% 40%

140 GTC 115 GTC 925 GTC 500 GTC (60 GTClyr)
Resources
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Energetics of Feedstocks
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Largest Raw Materials & Products

Less Energy Content
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Price Per Unit Energy
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Corn Ethanol Debate
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How will ethanol affect chemicals?
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Ethylene Precursors
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Ethanol to Polyethylene in Brazil

Sugar
Extraction Fermentation Distillation
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Benchmarking Land Use
Dow Brazil Plant Dow LLDPE Capacity Global LLDPE Capacity

Bay County Seven Local Counties 0.43 X Michigan

Assumes Brazil Cane Yields
Global Polyethylene

1.6 X Michigan

3 © ®Trademark of The Dow Chemical Company William F. Banholzer November 6, 2008 17



Replacing Global Ethylene

Cellulosic Ethanol |
Coal
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Nat Gas (F&C)
Naptha
Corn Ethanol (Int)
Ethane (ME)
Sugarcane Ethanol (Pur)
Corn Ethanol (Pur)
Top 50 CapEx

0 100 200 300 400 500
Capital Expenditure ($ Billion)
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Light Olefins Cost Curves
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Some High Level Considerations

Solar at $0.22/kWhr and
conversion efficiency of 50% yields ~

$11/gallon ethanol
$/gal  ¢/kWhr $/tonne

Oxidation

Molecular CH, CH, CH, CH,CH, -CH-
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You make electricity from fuels,
not the other way around Ethanol Electricity Coal
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Technology Options: Fossil

Feedstock Technology Olefin/Intermediate

naphtha Steam Cracker
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Oxidative
7 “ Coupling
3 Partial

: Oxidation
Coal . .
L2 ?
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B =Current [ =Nearterm [l =Longterm
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Oxidation State Whiplash
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Capital Cost of Various Options

Multi-Billion
Dollar
Opportunity

Capital Cost - Billions

Y
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“I'd put my money on the sun and solar
energy. What a source of power!

| hope we don t have to wait

until oil and coal run out before we tackle
that.”

— Thomas Edison
The year — 1931.
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Three Trillion Miles Per Year — Option

Corn Ethanol Soy Biodiesel Solar/Electric
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Explosive Growth in Photovoltaics

Global PV System Revenue ($B) Industry Average Operating Margin
5100 35% 33%
$64B Products / $30B Service 30%
$80
25%
$60 20%
40% CAGR
$40 15%
$20
5%
$0 0%
2004 2005 2006 2007 2008 2009 2010 2004 2005 2006

m Est ®m Actual B Predicted W Actual

Profit Pool 2010E: $40B

Source: Photon Consulting, July 2006, Sept 2007
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Doing for PV What Plastics Did for Automotive
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Strategic Fit for Dow

Core R&D/Energy

= Thin film processing
= Mfg. process optimization

Market need:
Low Cost PV modules

a © ®Trademark of The Dow Chemical Company

Dow Plastics /Specialty Films
» PV packaging
= Back sheet, EVA replacement

Top layer / /
&

Back sheet ‘

Market need:
Specialty films

Encapsulant

Dow Building Solutions

= BIPV commercial roofing
= BIPV residential roofing

Pulte Build VOC (10/1/08)

Market need:
Flexible solar PV roofing product
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Organic PV? Aromatics Don't
Weather Well! UV Light, H,O
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Recent Progress

1 kW Array b L

Shingle prototype
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Thank You

Dow Research & Development
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