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The World Needs Chemistry

Value of chemistry as % of all materials
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Engineering Triumph
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Moore’s Law Sets Unrealistic Expectations

1016 E l::_107
15 _ < ee _ 6
L Computer Calculations ¢ _*8 F 1 ?
o 1 °3 o : —h
S 10" oo’ L105 8
~ 5 ©° 5 ,
Bl .13 ] -
8_ 10 " ° E10%
@ > R Osmosis (L) [l
g B G
g 1012 everse Osmosis (L) L1097, <
. T o
= 102
3 107
= S
7779 10" (&=
y / ° '. . Ethylene Compression(kg)
10° D 00000000000 0000000000000000000009 100
o o o »
4 . 08 - \::‘ : I n;f‘ ‘:::w ;:w, ‘;:n ::lj : :‘:] ‘;:;:‘ ;'j; rjﬁ: .(l,] tlflj: ;:; ::il'f :;;w ::.: 00 w:jli: :ili:> r::. :.:l' (ili c::w I ‘:jlﬁzw w;i; ' [fii‘ w;la l» : : ) : ‘f;“ o E 0_1
((( D 4 1970 1980 1990 2000 2010
L\‘ Year
"William BaMGlzer UNIVERSITY OF WISCONSIN-MADISAN
.- 0. ..‘



LDPE Cost Trend
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Basic Raw Material Transformations

Technology is highly optimized
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Chlorine (Chlorohydrin)
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Relative Source of Profit

100 —/////_ " -
%0 "~ i -
80 _/////_ u»g ol NN A s il :
20 _/ “ Operations
60 - Feedstock Scale
50 - / In€reasingly Important - o0k
40 ‘////F
0 _/ “ New Product
20 -

10 -
0 | | .

1930's 1980's 2014

|Idealized Data

William Banholzer



Top US Chemical Companies 1970
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Time to Realize Materials Benefits

Revenue evolution to peak and beyond for various industries

Pharma (new drug) Aerospace (new aircraft platform)

Significant sales with new launch

Revenue drops Rebound of

Steady grOWth signiflcanﬂy after demand due

Whlle Under patent expiraﬂon o tO Cy(?le

patent exclusivity \ . Lull after initial upswing and
surge due to platform
demand cycles extension
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Materials/chemicals (new product launch)

Major revenue benefits take
many years to mature

Slow growth as
material finds
applications and
acceptance
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McKinsey on Chemicals: The path to improved returns in materials commercialization, Number 4 Spring 2012



Time and Risk Matrix

Low

Degree of
Market
Familiarity

High

Product-line extensions
into new markets

Success rate: 30—-40%

Time to commercialization:

2—7 years (average 5)
Average IRR 20-25%

Product-line extensions
into existing markets

Success rate: 40-50%

Time to commercialization:

2-5 years (average 4)
Average IRR 18-23%

High

New-product launches
in new markets

Success rate: 15-20%

Time to commercialization:

8-19 years (average 14)
Average IRR 8-12%

New-product launches
in existing markets

Success rate: 30-40%

Time to commercialization:

6-15 years (average 11)
Average IRR 13-18%

Degree of Technology Familiarity

New Technology Risk > New Market Risk

McKinsey on Chemicals Chemical Innovation: An Investment for the Ages,
Mehdi Miremadi, Christopher Musso, and Jonas Ozgaard, May 2013

Low




Timeline to Innovate

Years™ from project initiation to launch

Reward and from launch to materialit

(Typical annual Revenue)

>$100MM  igh Market Risk
$50MM High Technical / \ Wate
Low Market Risk A
Launch
‘Data Source:
$20MM Low Technical / 1.4 26 Internal Projects
High Market Risk A 35 External Projects
J

3 (McKinsey)

2
_ . Development
< $10MM Low Technical / 1-2
Low Market Risk A Commercialization




The Trouble With Averages ...

~RE
W

\ 1 I/ "'\

Y’a‘z kvm:]s"ﬁv ’

Photo credit: www.outdoorchannel.co

On average, the
duck is dead.
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NPI Analysis

Dead Zone: Region 1 )
“Limited Sales”

Normalized Count

Sales ($MM) NPIs after 3 Years
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Innovation Failure Modes

»




Failure Modes- Value Proposition

1-Fads

Non Sustainable Trends- often with poorly formulated value
proposition, or incomplete analysis.

Symptom:
“Every one of our competitors is starting .....
“This was used before but times have changed”

Example:
Biofuels
Biomaterials




Hype Around Cleantech

Ivy League Brains Figure Out How to Make Biodegradable
Plastic from Greenhouse Gases

September 28, 2012 cleantechnica.com

Two graduates from Princeton University and Northwestern University have
developed a process for converting greenhouse gases from sewage treatment plants,
landfills, and power plants into a biodegradable plastic called Airflex™

As described by Newlight, the process for making Airflex ™ breaks down into a few
simple steps. First, a mix of gases, including methane and carbon dioxide, is funneled
into a reactor. Next, carbon and oxygen are separated out, and then they are
reassembled into a long-chain thermopolymer.

September 25, 2012 presswire.com

"We are pleased to receive this seventh patent," stated Newlight CEO, Mark Herrema .
"While the size of our patent portfolio is a testament to Newlight's pioneering
inventions and nearly decade-long leadership in this field, we expect our patent
portfolio to continue to grow at a rapid pace, particularly in the areas of new product
applications and commercial-scale manufacturing systems."
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Permanent Exhalation Conveyance




Failure Modes — Value Proposition
2-Risk Disequilibrium

Benefits of new material < Risk of end product
Corollary Benefit of new process < Risk of process failure

Symptom:
“The customer doesn’t understand the benefits we can
generate.”

“Their Testing in Ridiculous”

Example:

Carbon Fiber in Plane Fuselage:

1960 CF Developed
1980’s Initial components
1990’s Primary Structures:

Challenging Entry Segments: automotive, safety equipment, in
body devices, primary aerospace components:




Failure Modes —Value Proposition

3-Inadequate Segmentation:

Belief New Product Widely Applicable
Corollary: Neglect tangential process considerations

Symptom:
“This will completely replace all ......

Examples:
BioPlastics
CLF/LED Light bulbs




Failure Modes- Value Proposition

4-Panacea lllusion- Failure to appreciate alternatives

Belief New Material’s Properties Totally Disruptive

Symptom:
“Our Material has such superior XXX .....

Examples:
HDPE
Nano materials




Failure Modes- Value Chain Issue

5-Value Chain Resistance Complexity - Losers

Existing Value Chains are entrenched and the losers don’t
just capitulate.

Symptom:
“The existing value chain can’t compete.”
“Current Suppliers and Customers will have no choice”

Examples:
PCV pipe
BPA can coatings
PC window Glazing




Value Chain Resistance- e.g. PVC

PVC pipe sales took nearly 15 years to reach reasonable volume.

PVC! pipe sales
400
350 Two Losers:
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/ America
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2Federal Housing Administration.

Source: Modern Plastics; McKinsey analysis




Value Chain Resistance e.g. BPA Can Coating
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Material AkzoNobel :> CROWN
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Value Chain Resistance e.g. PC Glazing

inspiring glazing technology

ompany | Lexan * Polycarbonate Contact © 2010 Exatec |

O csxaTEC

Products " _ Distribution _ OurCompany .search |73

Hurdles:
 TCE
* Design

* System Cost
e Scratch



Failure Modes Value Chain Issue

6-Drop In Solutions

Material will “drop in” to existing process/market

Symptom:
“Nothing will have to change.”

Examples:
Plastics Body panels
Composite Auto Parts.




Failure Modes

7-Single Customer NPI

New Product Effort Based on Single Customer Input

Symptom:
“XXX is the market leaders and will drive market adoption.”

Examples:
Rubbermaid Food Storage




Market-Back Example

What Not To Do...  Raitlelelldn il |

Rubbermaid initial CTQs: This project was:
e Clarity — quality image

e #1 Rubbermaid program
e Stain resistance e Large Add Spend

e Food contact approved e Proprietary product

e Dampened / “rugged” sound e But it failed!!!

e High flow for thin-walled lids & bowls

Single Customer CTQs — Use Extreme Caution

William Banholzer




"= Venture Model in Chemicals?

Where are the Facebook and Google
of the Chemical Industry?




Scale of Fuels/Chemicals Makes it Harder

Nuclear Power Plani
(1350MW)

Pulverized Coal: CC
(600MW)

EG (400 KT/Yr)

MTO (277 kiloton/Yr

Sources: facebook original investment showing combined amounts from Peter Thiel (PayPal cofounder), Accel Partners and Greylock Partners as described in the History
of facebook on wikipedia; Power Plants: RL34746 report - Stan Kaplan - Congressional Research Service; MTO: PEP Report 261 — SRl and EG: PEP Repor 21 — SRI; Revenues

Largest Social
$41MM >  Community on

Internet

Original Inv.

0.05% of Global
- Electricity Generation

Revenue $1051MM/y

& 0.02% of Global
> $2,372MM  —> Electricity Generation
2 Revenue $441MM/y
)
S
© 2% of Global MEG
’é_ $326MM > Consumption
i
o
$321MM 0.3% of Global

Ethylene consumption

-

for Power Plants calculated using 2010 electricity average retail prices (all sectors) 9.88 cents/kWh (data from DOE)

~
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The Challenge of a New Company

Fraction of companies that survived after launch

Energy & chemical

0.8 . . .
industries require very h
0.7 reliability
3
'Ué) 0.6 Health Service Energy & chemical
J< Financial Activitie  jndustries are extremely
g 0® capital intensive
Uei Manufacturin
0.4 . . .
Failure has massive fina
Constructio .
0.3 and social consequence
0.2
1 2 3 4 5 6 7
Year

Source: Knaup, Amy E., May 2005, “Survival and longevity in the Business Employment Dynamics data,” Monthly Labor Review, pp. 50-56; Knaup, Amy E. and MC. Piazza,
September 2007, Business Employment Dynamics Data: Survival and Longevity, Monthly Labor Review, pp 3-10.




Single Customer vs. Market Driven Programs

Single Customer

Market Driven

» Speed to market

* » CTQs easily defined
» Easier to predict returns
» Customer credibility

» Risk of customer disengagement
> Potential weaker IP

¥ » Customer IP limits growth
potential

> Broader reach
» Potential stronger IP

» Independent of customer
disengagement

» Industry credibility

» Potential slow adoption
» Complex CTQs
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