 Dow

Materials Solving Energy Issues:
Separating Hype from Reality

William F. Banholzer
Executive Vice President and Chief Technical Officer
The Dow Chemical Company



Call to Scientists and Engineers - Dow

“Too much hype for the possible and
not enough on focus on the practical.

We are letting society down!”




Engineering Triumph
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Moore’s Law Sets Unrealistic Expectations
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We Are Poor Judges of the Energy We Use - pow

—_—
o energy used
-? energy saved
% 1000
S
=
E) central AC
() clothes dryer
LICJ line-dry clothes
100 : _
O N winter thermostat @ washer's settings
()] g stereo space heater
= switch to CFL
@
E lower wattage bulb
m 10 T I LJ T T L L) T I L] L] LI I T L]
al 2 3 4 56789 2 3 4 56789 2 3 4
10 100 1000

Actual Energy (KW-hr)

We are poor judges of how much energy everyday devices consume




We Are Poor Judges of the Energy We Use - pow
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We are poor judges of how much energy everyday devices consume



Energy Perception and Reality - Dow
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Ripe for Hype - Dow

107 3
3 2098: All sentences are just the words “sustainable”
] and “sustainability” repeated over and over.
107 5~ e
10' o
o]
10 E 2052: “Sustainable” occurs an

average of once per sentence.

2026: “Sustainable” occurs
about once per page.

Frequency of the use of words “sustainable” and
“sustainability” in the U.S. English Text, % of all words

6
10 | T | T T T | T | T | T T T | T | T | T T T | T |

Source: Google Ngrams



~ Dow

Expectations are sky high.

Gross Mismatch

Understanding is low.



Possible
Dow

light ab
by nan . 4
oparticles T
VapOI’iZat'
) IonN
OnIy in Vi ..
cinity
o)
f nanoparticle

4.+ and Naomi 3. nalas’ o

B
ticles
i T de\andev.
ice Quantum st

uUrbat

Golar V&
Nanopa¥

ad Naumann.‘ Alexande?

we
———

o of roady S0 metal ox o0 ™
et af heating ¢ fuid
B

due to
shell
ABST RACT Salar }\‘\IW\\NT\O
gispersed 0 3 figuid produs yapor withost the requirem®
o dispered W water 3t 3 . tomperatut®: energy B
ith 2 e smalles fractiofn
thand

elume. et garices
o of water W

i o primarty yaporizat &

acilfing 1 o . ., can o dive B
yricner g an ¢

pact 50938 applications

st
gisitavon. ™ o exgie PO
struments ® resquIcPOY” Yocations-

g5 stertizaton

hes amnanwr\a @n

of waste 0 surgicdl

mal

water does

nt heati
INg
particle sink whe
n

( ofsurface
well above 100°C)

Oara N
leumann, A
, Alexande
r S. Urba
n, Jared D
ay, Surbhi
i Lal, Petel
s r Norlande
r, a i
nd Naomi J. Halas, “Sol
, ar Vapor G
eneration
Enabled
by Nano|
particles,”
,” ACS nal
mo, 19 No
V. 2012.



Not Possible Dow
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Oara Neumann, Alexander S. Urban, Jared Day, Surbhi Lal, Peter Norlander, and Naomi J. Halas, “Solar Vapor Generation Enabled by Nanoparticles,” ACS namo, 19 Nov. 2012.
Schmidt, Snodgras and Byer, Jr.; "Comparitive Tests of Six Sizes of lllionois Coal in a Mikado Locomotive", University of lllinois Engineering Experiment Station Bulletin No 101, September 1917.



Solar Energy Quiz - pow




Solar Energy Quiz




Possible, Not Economical

CALERA

Carbon Engineering seeks to scrub atmospheric CO, by

using alkaline solutions that are dried and thermally

regenerated. 2 NaOH

co,.., —= Na,CO, .+ H,0

3(aa) T M2°0)
%~ 2 NaO + CO,

(aq) T
NaZCO

2(aq)

3(aq)

2 NaO + H,O,, —> 2 NaOH

2=(1) (aq)



Possible, Not Economical Dow

Air-Contactor

2 NaOH,_ , + CO,, . — Na,CO

3(aq)
%>~ 2 NaO + CO,

+H,0

(aq) * (I)

NaZCO

2(aq)

3(aq)

2 NaO + HZO — 2 NaOH

() (aq)

Problem: fuel use makes >50% of the CO, the system can scrub
Problem: CO, has no value (this is an added COST)



Rules for Business ~ Dow

What people
can afford

BUSINESS
SUCCESS

What people
will pay for

What people
want
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People Don’t Always Make Smart Choices - pow

Power Cost ($/lifetime of CFL) Cost of Ownership
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What Consumers Invest In




Which Uses Less Total Energy to Go a Mile? - pow

@ 2 @"”f

U.S. Average Gas U.S. Average Power Current Corn Ethanol
Natural Gas

Combined Cycle



Electrification Beats Biofuels (Impact) - pow

Energy
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Electrification Beats Biofuels (Costs) - Dow

Fuel Cost Vehicle Cost

VW Jetta

onda Civic

nda Civic

gasoline

HEV a Prius

conventional
dies

gonventional
gasoline

0.2 0.15 0.1 0.5
$/mile



A Look at Biofuels  Dow

BIOMASS FUELS PROGRAM

Dby

ENERGY SECURITY | =~
JOB CREATION

S =
- Z
3 O
]

O d

s >
- =z
LLI L]
O Ll
LL T
8 —
O S
LL| ®)
o X
o
=




Consider the Biofuels Challenges - Dow

How much biomass is available?
Not enough to replace fossil fuels N\,

! ‘i”’i/
N2y

B
e How much will biomass costs? E F
It is not cheap
e How much will biofuels cost? CELLULOSIC
More than fossil ETHANOL

How much more are we willing to pay?
No premium



Particularly Problematic in Biofuels
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Energy Sources Always Change - Dow

300 A

solar

wind
geothermal
hydroelectric

250-

2
e
A

200 - natural gas

—_

o

o
|

U.S. Per Capita Energy Use
(MM BTU/person)
2 z

1800 1850 1900 1950 2000

What’s changed?
e Qil price rise
* CO, awareness

Will this reverse the
trend?

EIA 2012 and 2009 World Energy Outlook, U.S. Census
Chemical data from DOE/EIA 2006 Manufacturing Energy Consumption Survey (MECS) and T.K. Swift, American Chemistry Council “Updated Energy Slides Incorp



Pivot to Biomaterials

BIOMASS FUELS PROGRAM

BIOMATERIALS PROGRAM
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Chemical Industry is Rejuvenated

Gas Reestablishes
Cost Advantage 120
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Impact of Low Gas Prices - pow

E Other
— 1.2 ] Northeast
'g = Asia
-] 1 0_ Western
Q . Europe
-..C__)_'  not full cost - just stoichiometry
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®) 06 _ ---------------------------------------------------- - --EtOH
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Owen Kean and T.K. Swift, American Chemistry Council, "Industry-Transforming Natural Gas into
Products", National Academy Forum on Unconventional Gas, 11 September 2012.
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An Honest Look at Energy Content
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Energy Happens at Large Scale - Dow

70,000

Refinery

60,000+

o
=

n

o

o o
o o
o o
[ [ ]

30,000+

20,000+

natural
gas

power

plant

Yearly Flux (kta)

10,000+

steam

cracker methanol

ethanol




Scale reduces
the cost of
production when
materials are
consumed or
produced.




Green Design and LCA Rankings Don’t Match Up

Biopolymers rank in the middle of L CA rankings

Dow

Green Design
Polymer Material Rank

Polypropylene Fossil fuels
HD Polyethylene Petroleum
LD Polyethylene Petroleum

Polyhydroxyalkanoate-Stover Cornstalks

General Purpose Polystyrene Petroleum

Polylactic Acid — NatureWorks Sugar/cornstarch

PVC Chlorine/petroleum
Polyhydroxyalkanoate-General Corn kernels
Polylactic Acid-General Sugar/cornstarch
PET Petroleum
Polycarbonate Petroleum

Bio-PET Petroleum/plants

Tabone, MD; Cregg, JJ; Beckman, EJ; Landis, AE. Environ. Sci. Technol. 2010, 44, 8264-9.

LCA Rank

[y

O 00 N oo U B W N



BIOMATERIALS # BIOFUELS

BIOMATERIALS PROGRAM




Materials Science Success:
DOW POWERHOUSE™ Solar Shingles

POWERHOUSE"

<" SOLAR




FILMTEC™ Modules for Water  Dow

Energy savings on water
purification




Biofuels and Clean Tech Conclusions ~ Dow

Too much hype for the possible, not enough focus on the practical
e |ncumbent fossil sources set the standard for competition
e |t takes decades to deploy a new technology
e Biomass availability limits biofuels scale

e Move to bioproducts needs scrutiny
e Fundamental engineering judgment is crucial to long-term innovation

e Materials solutions will enable viable energy options

“Facts are the air of scientists.
Without them you can never fly.”

Linus Pauling




hank You




Biomass Cost: Farmers Are Practical, Too

Landowners/farmers
have finite land and

time. They will not
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Thermodynamic Entitlement - pow

1930s Shale Gas 2000s Conv. Gas
100 .
Energy return Is
1! i : N a key parameter
7 Conventional Oil Deep Water when the
. Tar Sands
- products are
60 —
g fuels.
- -
L 40
S || Shale goes
| against recent
7 U.S. Biofuels trends.
0 | | T | T | T T T —
100 80 60 40 20 0 0
EROI >8 Sustainable
Syggested reading: qulford, M.(‘T.; H_a.ll; O'Conner, P.; Cleveland, C.J. A New Long Term Assessment of Energy Return on Investment (EROI) for U.S. Oil and Gas i
Discovery and Production. Sustainability 2011, 3(10), 1866-1867. o
s Mot ‘ii;



Hydrogen Car

"We asked ourselves, 'ls it
likely in the next 10, 15, or
20 years that we will
convert to a hydrogen car
economy?' The answer, we
felt, was 'no.”

Steve Chu, Energy Secretary,
May 2009

Bio Plastics

Dow launched the JV
with Cargill in 1997 to
develop and market PLA
from corn; we exited
the JV in 2004.

® NatureWorks
S Dow' Cargul

Corn Ethanol

“...Using land to grow fuel
leads to the destruction
of forests, wetlands and
grasslands that store
enormous amounts of
carbon.”

Michael Grunwald, TIME,
April 2007

Biodiesel

“Biofuels are contributing
to higher prices and
tighter markets.”

Timothy Searchinger,
Princeton University,
April 2011

THE WALL STREET JOURNAL.

“Sun Chlps Bag to Lose Its Crunch”

Photo: Associated Press

Bio-based packaging
launched in 2009

| was discontinued

by late 2010, due to
performance
perception issues.

Cellulosic Ethanol

“..the need for trucks,
machinery and manpower
would come during harvest,
already the busiest time of
the year on the farm. And
that’s where a massive
federal initiative into
cellulosic ethanol may find
its biggest bottleneck —on
the farm.”

Robert Rapier

Glycerin to Epi
Dow postponed in 2009 due

to uncertain supply.

Natural Oil Polyols

RENUYVA

Dow launched in 2007, exited

in 2010. T

Algae

“...microalgae can be
raised on cheap, sun-
splashed land that is
unsuitable for crops or
much of anything else.”

Paul Voosen, New York
Times, 29 March 2011.

‘ i—q
i‘ "

ADM-Metabolix

ADM has given notice
of termination of the
Telles, LLC joint
venture for PHA
bioplastics.

Metabolix'



http://www.cargill.com/
http://www.cargill.com/

What Impact? S .

o PET packaging
g petroleum

O natural gas

coal

gasoline

sand and
gravel

100% renewable
PET (not yet

available) would
required ~80 2 L

cement

iron ore

salt
beef

chicken

~, bottles to offset
QL) burning 1 gallon of

© Wl Jasoline or about

BB /100 at today’s 30%



http://ad.doubleclick.net/imp;v7;j;262522719;0-0;0;17652487;0/0;50548025/50521028/1;;%7Eaopt=2/1/ca/0;%7Eokv=;at=daily;pageid=9450672;pos=wel;dcopt=ist;tile=11;kw=atlanta;page=9450672;vs=manufacturing;co=3209829;sz=1x1;bsg=1418586;bsg=1438866;bsg=1433466;;%7Ecs=a?http:/s0.2mdn.net/2916436/Deloitte_ROS_Sept2012_v1.htm?t=10&cT=http://ad.doubleclick.net/click;h=v8/3d0c/2/0/*/a;262522719;0-0;0;17652487;255-0/0;50548025/50521028/1;;%7Eaopt=2/1/ca/0;%7Esscs=?&l=http://www.bizjournals.com/atlanta/news/2012/09/27/coca-cola-jbf-team-on-plantbottle.html?s=image_gallery
http://ad.doubleclick.net/imp;v7;j;262522719;0-0;0;17652487;0/0;50548025/50521028/1;;%7Eaopt=2/1/ca/0;%7Eokv=;at=daily;pageid=9450672;pos=wel;dcopt=ist;tile=11;kw=atlanta;page=9450672;vs=manufacturing;co=3209829;sz=1x1;bsg=1418586;bsg=1438866;bsg=1433466;;%7Ecs=a?http:/s0.2mdn.net/2916436/Deloitte_ROS_Sept2012_v1.htm?t=10&cT=http://ad.doubleclick.net/click;h=v8/3d0c/2/0/*/a;262522719;0-0;0;17652487;255-0/0;50548025/50521028/1;;%7Eaopt=2/1/ca/0;%7Esscs=?&l=http://www.bizjournals.com/atlanta/news/2012/09/27/coca-cola-jbf-team-on-plantbottle.html?s=image_gallery

PET Comparison .

rm%;ziﬁqux

40+ 20

equivalent mile

w
o
1 I 1 1 l
—
&)
|

—
o
1 I 1 1 [ 1

Number of 16 Oz Bottles
Number of 2L Bottles

10 20 30 40 50 80

e A\ i
—— ‘%ﬁ% . ) )



Signs of Hope

This polypropylene cup uses 15% less plastic and creates
45% fewer carbon emissions than a cup made from PET.




Scale Improves Efficiency
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Experience Curves - Dow
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Chemical Industry is Rejuvenated - Dow
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