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Essential Issues In Product &
Service Innovation

- Forecast, understand & shape opportunities; n the frent
endieff Innoeyvatien

- System, te develep hreakthreugh Innevatiens in light of
raw: materialr supply.

- Create high perfermance strategic alliances

- [echnigues forr bullding a patent estate

- Recognize & capture oppertunities firem eutside

- Transfer innevatien te custemers via methods fier User
Innovation

- Risk-adjusted valuatien for earnly-Stage ofi Projects

- Online idea management: Within: the: conmpany/

- Generate & evaluate ideas under tine pressure

- Deal withr secietal prienities mfllencing product
Innovation new: and In the future

Adapted from The Fuzzy Front End



Two Routes to Products

Chemistry <—— Biotech Agronomy

Petrochemical / agriculture

Industry & Forestry

Engineering Processing

Building
Blocks Recycling

Manufacturing

Consumer
Products



Agricultural Advance:
Person-hours to harvest 1 acre wheat...
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Source: Mindshift, P. Pritchett.




Agriculture and Viore
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Ethanol
Renewable Diesel
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LGES A VANET TSI Carbon black
Grasses - Fermentation Paints, coatings
Agricultural Crops - Bioconversion Dyes, Pigments, and Ink
Agricultural Residues - Chemical Conversion Detergents L

g. - : Hydraulic& lubricating
Animal Wastes - Gasification or Pyrolysis Mol

Municipal Solid Waste - co-firing



Technoelogy “front™ Includes chemistry.

and bietechnoelogy...
Demand for Consumables

CURRENT PRODUCTS NEW PRODUCTS

Processing systems

Traditional | Modified Bio- Novel
Technology | Technology| processes Molecules
=3l \\Vaste &
I By-products
A
NI EXisting
Il Crop Parts
I Dedicated w
NI Crops gt 7
P —
Y Modified i Year
I Genetics 2020

Adapted from: J. MacLaren, Inverizon, USDOE



Developing/evolving

bio-based system

Renewables

Opportunities
for low cost and/or
high performance

Transport ?

Extract and
modify materials

Manufacture

Consumer goods

Specifically evolved

hydrocarbon system

BIO'baSEd - Low cost

Sustainable Finite 4 oven
Petrochemicals

Opportunities  Breakdown to Transport

for existing or
modified low
cost inputs

simple molecules =——

Transport

Synthesize more
complex molecules

Manufacture

Consumer goods



Preduct/Precess, Cycle

BASIC PLANT SCIENCE PRODUCTION
Functional Genomics Land use & crop types
Metabolism and constituents Agronomy, yield (cost)
Plant design & breeding Harvesting methods

Optimum progress

requires coordination PROCESSING
among the diverse Post-harvest handling
VALUE research areas Conversions

Demand Separation & purification

Real cost <:| UTILIZATION Infrastructure
Performance Functionality Rural development

Sustainability Current system
New materials
New systems

Adapted from: J. MacLaren, Inverizon, USDOE
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Dual Perspective

Plant Plant/Crop
Science Production

Processing Utilization

Basic Science Applied Science Product Marketing

Economics and nsumer
Research . . Consume
Sustainable Practices Preferences

Education, Training, Infrastructure (Material Flow)

and Rural Development




North American Corn Utilization

Seed _ ’ 76%
—
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l Foods & Industrial uses
Fuel

SOURCE: USDA, Corn Refiners Association, NCGA



Where does a field! of cormn go..

Feed for livestock

Poultry

On each acre, Swine

~2,800 lbs dry Cattle
matter is left HECS
In the field. ]

Stays In :
the field Export (grain)

Export (food)

LN
ﬁw SOURCE: FAPRI, NCGA, USDA



Poly-Lactic Acid

SUGARS
FERMENTATION

CONVERSION

CONDENSATION

SEPARATION - LACTIDE
CLOTHING

MILLING

FURNISHINGS PURIFICATION

FOOD CONTAINERS ' LACTIDE

POLYMERIZATION




Wihat's In a field off soyneans...

.

Stays in
the field

s [y
Export accounts for
around 35% production .
Other

Typical Domestic Use

13% Protein
Food ) 38%
804 Qil
_ 19%
Edible

Oil

0)
S Carbohydrate
30%

60% Typical composition



Technology & Commercial Needs

Plant
Science

Function
Development

Production Processing

Utilization

Unit costs Economics Economics Price/value
Genomics Yield Separations  Functionality Performance
Enzymes Consistency Conversion Performance Perception
Metabolism Infrastructure Bio-catalysts Novel uses
Composition Designer plants Infrastructure

Adapted from: J. MacLaren, Inverizon, USDOE



Adapt Supply. to Need

Structural & Computer &
Functional Informational
Genomics Sciences Germplasm Base

l Breeding
Transgenics
Molecular

M iOi i Drgesing Designer
Sequencing Bioinformatics Sers
Expression G Proﬂtein 2y

Engineering l

Harvest

Future Handling

Consumer
NEEG S

Materials Separations
Manufacture Processing



Cresscutting Issues

Separations

Chemical Synthesis

Eresh Water - USe, reuse and release
ERneray; censumption

Resource consumption

Medeling ef processes; - designi &
OpPEration

Sustainable’ Development



Maturty: off Separations Processes

Decantation
Solution Crystallization
Centrifugation Azeotropic Distillation
Froth Flotation Extraction

Melt Crystallization Adsorption: Gas

e lon Exchange  Adsorption: Liquid

=) Membranes: Gas .
Leaching

Membranes: Liquid
Liquid Membranes
Affinity Separations
Dilute Solutions
First Use

Invention ~ Technical Sophistication = Patent Activity Wanes

Adapted from George Keller, 1987



Maturty: off Separations Processes

Decantation
Solution Crystallization
Centrifugation Azeotropic Distillation
Froth Flotation Extraction

Melt Crystallization Adsorption: Gas

lon Exchange  Adsorption: Liquid
Membranes: Gas

Use

Leaching
Membranes: Liquid

Liquid Membranes
Affinity Separations

Dilute Solutions . .
First Use «—————— Simulated Moving Bed Chromatography

Invention Technical Sophistication ) Patent Activity Wanes

Adapted from George Keller, 1987



Research Areas for Extraction

Physicall preperties:
emuision;, Marangoeni &
coalescence

Equilibritmrmedels:
electrodynamic, dillent &
guantum: mechanical
effiects

lmpreve science ofi “rag
layers:

Predict effects of
Ssurfactants, and
contaminants

Develop! large-scale
NOMOYENEDUS Extraction
Moadels

Develep selective solvents



\Water Separations

. \Water separations; are evernywhere

- \Waterr separations are likely 1o e more
prevalent in iIndustny’ the: futlre

. Need methoeds te make rapid and
accurate flow-sheet predictions

. Need tormake nen:-distilizuen
Separatoens as predictanie as distilliauen

Source: David Short - DuPont



Dilute Solutions Research Needs

INEW separatiens matemails

- Immoenilizatien eff Separations agents
. Synthesis ofi highly: selective agents

- Robust catalysts

- Switchable ligands

Hylbrid systems

. Complexation| filtration

. Magnetic filtration

- Fleld-induced filtration

- Reactive extraction & reactive memiramnes



Synthesis Needs

- New: synthetic technigues

- New: cataly/sts) & reaction: systems

. Stereospecificity = Chirality
Alternative: raw: matenals

. Synthesis toels fier melecular contiel

. Melecular archrtectures in alternative
reaction media



4 I
Inventory of Stressors
Land Use
Chemical Emissions
W ater Use

Fossil Fuel Use

o /

/

/Ozone Depletion

(Global Warming

/Cancer

"TRACI

Tool for the Reduction and
Assessment Of Chemical and

-

\

Other Environmental Impacts

Option A
\

Option B

/

Impact Categories
Ozone Depletion e — ™
Global Warming Characterization (eg. cancen
Acidification = 3
Cancer 2,20 = M
Noncancer =3 & o = ;"LF\;’-
Criteria >, # bedmnf_) & ? Lej
Eutrophication —
Smog Formation N
Ecotoxicity
Fossil Fuel Use *
Land Use

\Water Use % /




Indicators in BEES 3.0

Indicators currently calculated in BEES 3.0
« Habitat Alteration / Land Use (landfills only)

« Fossil Fuel Depletion, Total Primary Energy
* Water Intake

 Global Warming

* Ozone Depletion

¢ Smog formation

« Air Acidification

« Criteria Air Pollutants / Particulates

« Indoor Air Quality

 Eutrophication

 Ecotoxicity

¢ Human toxicity (cancer, non-cancer)

Indicators to be added/consolidated for biobased
products

» Land Use (agriculture)
» Water Intake
* Global Warming (C sequestration)

« Ecotoxicity, Human Toxicity (pesticides)




Summary. of lndicaters

Carbon Dioxide

——{ Global Warming

MI Acidification

Nitrous Oxidel Eutrophication
Fossil Fuel Depletion

Indoor Air Quality .
— . Environmental
abitat Alteration Performance

Water Intake Score
Criteria Air Pollutants

Human Health I

Ozone Depletion Score

Ecological Toxicity

Economic

| First Cost | Performance
| Future Costs I Score
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~ Suztem Description

g Caribbean Carpet Life Cycle
8% carpet use phase

407 Electricity [US, average): Production, 2
sl Carpet uge
=- B Landfil of used carpet
900 Landfilling without Energy Recoveny (U5, Plaztics only, average]
-8 landfill of used carpet
- B% Production
111 Hatural Gas [US]: Production.2
1471 Limestone (US, CaC03): Quarving and Calcining. 1
241 Polpamide [Fd BE]: Production.
247 Polyvirgl Chloride [FYC, Emulzsion Polymerization): Production. 1
2411 Carbon Black: Production. 1
2471 Wirgl Acetate [C4HEDZ]: Production.d
2658 Lime (US, quick, Call: Production.d
407 Electricity [US, average): Production, 2
4035 Matural Gas [US, Industrial Bailer); Combustion, 2
22 carpet production
-8 Tranzport to Customer
232 Diezel Ol [US]: Production. 2
B025 Road Transport [US, Diezel, Heawy Duty].2
st NEwW Carpet transport
-8 Tranzport to Landfill

s 232 Diezel Ol [US]: Production. 2
-8

B025 Road Transport [US, Diezel, Heawy Duty].2
wzed carpet tranzport

Ip. prezz F1

=2 Caribbean Carpet Life Cycle

2% Production

:

Transport to Customer J

"

carpet use phase J

5

Transport to Landfill J

£

:
:

Landfill of used carpet J

|USER MAME






Biofuels Technologies - Projected Ethanol Usage

16

14
Total Ethanol

12

10
8 Cellulosic Ethanal

Corn
Ethanol

Billion Gallons Per Year

. 2006 Aggé;_> ;004 ;OOé ;OOé ;016 ;01£ ;01; ;018 ;015 ;020
Benefits e
Oil import reduction
Oxygenate/Octane enhancer (MTBE
replacement)
Agricultural residues (corn stover,
wheat straw, rice straw)

Rural economic development



System Description — Crop production (Corn, Wheat, Cotton,
Soyhean, Rice Straw, Starchl firom Potatees, Canela)

1 Tillage

IAPULS 1 Feriilizer apglication OuitpULs

= Fertilizers 1 Ogerations m Alr eEmissions
(synthetic, J Pesiicide (Inseciiclde, Herpicide, Fungicids) (Combustion of:
Organic) agplicatior) energ_y_, ;

a Pesticides 1 Irrigation volatilizatien N

fermentation ...)

Eacrriaritartior feice
= Energy 1 Fermentatiorn (rice) 1 A
. —

1 Nitrogen fixation (soybes
= \\/ater Nitrog {1 flation (soyoean) y
J rlarvesting = Crop

1 Or-site residug ranagernent (ournt, plowed =/ CO-progucts:
Uricler) resiaues

| Carborn sequesiration m \Waste

1 Transgortetior) transported
outside thefield

Functional' Unit: Harvesting one acre during one year

Note: this definition gives the latitude te utilize any part of the plant (crop,
residues), In any proportion for further processing. Allecation rules will be
suggested.



Land Use / Biodiversity — Habitat Indicators
s N sV

Protection of priority habitats/species Avrea of habitat that is physically protected (i.e.;
through fencing or other methods); habitat to be
identified as including -
e 100 feet each side of rivers; / = Imiormation
e maps with location of T&E species Known By farmers

Soil characteristics: soil health Concentration of organic carbon in the soil « = Linked to the

Proximity to & protection of high Avrea of habitat set aside (not farmed) that is lobal -
priority vegetative communities identified as "high priority" in Natural Heritage gl Warming

vegetative maps ‘\ Indicator

Interface between water and terrestrial | Total linear space of aquatic habitat (i.e. river, a |Infermation not
habitats/buffer zones lakeshore, etc) protected via physical means vs.
total area managed Known by fanmers
ASS|m|Iat|ve capacity of water and land | Depletion of water resources (annual use versus ;
(TMDL process); hydrological function; \ = Linked toithe water
E For physically protected areas, density of non- intake indicator
(within protected areas) native vegetation (area percent)
| Miles of road per square mile | v
Questions

n Percent native-dominated vegetation Area in native species dominated areas/total S
area managed - How: to, relate site

Restoration of native vegetation Avrea newly returned (in last 12 months) to -
native habitat Indicators toproduct

10 | Adoption of Best Management Practices | Number of Best Management Practices adopted h
linked to biodiversity objectives dPPredCNES
11 | Distribution (patchiness; evenness, etc.) ;léﬁa%fegatlve-managed acres vs. total area - How do indicators

Size of native-managed area vs. average field relate to envirenmental
size

12 | Connectivity of native habitat Number of Adjacencies for areas managed as performance?
native habitat

R. Schenck, 2002




Sustainable Systems: Path
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