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Home-Grown Technology

Nancy — Owner, Strategy & Commercialization

15 years of license in and license out
Technology transfer to/from Fortune 100
Sustainable Strategy

Bob — Lead Inventor

60+ patents in materials engineering
Inventions on passenger car brake cables
Inventions on US Navy door latches and wire rope
Inventions on oil and gas pipeline coatings




ew Product Awards

NATIONA
SOCIETY OF
PROFESSIONAL

ENGINEERS
FOUNDED 1934

HSPE GOVERNOR'S NEW PRODUCT AWARD

ORSCHELN CO. The National Society of
'MOBERLY, MISSOURT

For Its Outstanding New Product Professional Engineers

ORSCHELN P.B.T. 8 presents the
PARKING BRAKE CABLES

Judged on the basis of its engineering, ingenuity of concept, functionality N EW P RO D
safety, packaging and contribution to thy  of Missouri. l l ( I
IN TESTIMONY WHEREO, | have hereunto set my AW q RD

State
City of Jefferson, this
Athday of April, 1984

for innovative use of
engineering principles and materials,
improved function ag inge i o
EEfit to the

Selected By
THE MISSOURI SOCIETY OF PROFESSIONAL ENGIS
in cooperation with

Arch T Colwell
Ment Award

Robert’ [. Feimann

@ A = The Engineering Society

For Advancing Mobility
Land Sea Air and Space

September 1989

SOCIETY OF AUTOMOTIVE ENGINEERS, INC




Conservation of Energy
without Fossil Fuels -

Binder

The Enginuity novel, low-cost organic/
inorganic binder system provides both
improved weatherability and superior
durability qualities to non-woody biomass
power cubes.

Power Cube™

The patented, stylized corn kemel

neither binds nor bridges throughout
transportation or material handling. Itis
important for materials to flow through
already existent material handling processes
to reduce the barriers for usage of
renewable fuels in existing coal fired

power plants.

Roaster

The rotary biomass dryer is based on a
novel barrel/screw design that compresses
material. The heat of compression causes
both unbound and bound water to turn to
steam, effectively steam drying within

the barrel. No energy sources required
other than a motor to rotate the rotary
biomass screw. Roasting biomass
improves energy/content as well as
weatherability.



enginuity

— Patent Portfolio in Engineered Biomass Products

— Fully Funded Technology Development Team
e USDA REAP Grant — $500,000
* USDA B&I Loan Guarantee — $2,000,000
— HQ at Missouri Plant Science Center
* World Class Lab and Test Quantity Production Facility

— Scale-Up on Multiple Products




Abundant Biomass Resources

Corn Kernel
”Shape”

Low Energy
Compression
Processing
“Roasting”

Biomass Mixing
“Any Input”

Coal Supplement
for Biopower

Preprocess for
BioConversion

Patent Pending

Soil Amendment

Fertilizer

Water Pollution
Control

Air Pollution
Control

Durability,
Transportatability

“Binder”

Livestock Rations

Aguaculture

Sustainable
Business Practices

“Credit Harvesting”

Biomass Supply

Energy Campus

Enginuity Worldwide LLC Information — Do Not Copy

Sustainable Regional Biomass Supply




€engIinuity Fuel Value Proposition

e Our process uses non-woody, annually
renewable agricultural materials like
corn stover, grass, and energy crops to
create engineered solid fuel that can
be burned in coal fired boilers without
modification to the feed and boiler
systems of power plants

* The fuel then supplements coal and
enables plants to meet emissions Binder

requirements without expensive The Enginuity novel, low-cost organic/
expenditures i.e. new boilers Inorganic binder system provides both

improved weatherability and superior
durability qualities to non-woody biomass
power cubes.
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The Lowest Cost Alternative to Meet
Greenhouse Gas Directives

(hon-natural gas)



Lowest Cost Alternatives

Technology Cents/kw-hr Expected | Capital
Prices Included?

Natural Gas Heat Rate 8, fuel cost $2 1.6 cents - 3.2 cents Volatile No--S1.0

and S4 (S6) (4.8 cents) mil/ MW
Coal With 1 MW-hr coal emission is 5.0 cents Higher N/A
Carbon Credits 1.8 tons/CO2 Equiv, $14/ton

credit
Coal with Heat Rate de-rated by 20% 6.2 to 7.7 cents Stable Yes
Sequestration on 10 Heat Rate Plant
Wood 10 Heat Rate Plant 5.0 to 7.0 cents Site No--$1.5-2.0
Chips/Pellets specific mil/MW
Torrifaction 10 Heat Rate Plant 10.0 to 12.0 cents Stable Yes
Low Cost Heat Rate 10, Integrated 2.72 cents for captive Stable Yes
Model for Raw Supply or S45/ton feedstock
Enginuity 4.99 cents for merchant

feedstock

Full Cost Model 3 Party Supply $45/ton 6.0 cents Stable Yes

for Enginuity
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Cost Effective Drying/Torrefaction

o

1t Law of Thermodynamics
> Work = Heat

Rotary Biomass Dryer

o

o Uses Compression and Friction to Produce
Steam Drying

(o]

No External Fuel Input

P oaster

The rotary biomass dryer is based on 3
novel barrel/screw design that compressas
material. The heat of compression causes
both unbound and bound water to turn to
steam, effectively steam drying within

the barrel. No energy sources required
other than a motor to rotate the rotary
biomass screw. Roasting biomass
improves energy/content as well as
weatherability.

(o]

Engineered to be Economic
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Future Products for Pulverized Coal Supplement

> Destructive Drying to Achieve Granulated
o Rotary Biomass Dryer

> Uses Compression and Friction
> No External Heat Input

- Engineered to be Economic.

Pulverized Coal Supplement




Agricultural Products 1o Supplement Coal
Without Modification to the Power Generation Plant

o Uses diverse biomass streams.

> Ag Residues (Corn Stover & Grass)

Power Plant
Engineered Fuel Production

- Complies with APPA Engineering Spec.

BTU — 8,400 BTU / pound
Moisture < 10%
PDI ~ 98%
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Hub Supply Development Approach
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Initial Deployment
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Regional Impact of HomeGrown Fuel
Example in Missouri

= $50 million in annual
economic activity
= 200 Sustained Jolbs

\\ Bioeconomy

. Jobs
. Green
Biopower
: ~5,000,000 MMBTU producing
\Engineered ~40-50 MW of baseload biopower
Fuel ~750,000 tons/year Carbon Savings

5 Typical Enginuity-licensed Fuel Plants
250,000 - 300,000 tons of engineered biomass fuel
¥ Abundant
Missouri
Biomass

400,000 tons of corn stover, grass, energy crops

REFERENCE: University of Missouri Extension - Commercial Agriculture Program
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Bioeconomy Corridor Approac

Biomass Resources of the United States
Crop Residues

Thousand
Dry Tonnes/Year

> 300
200-300
100-200
50-100
20-50
L] <20
= .
[ NotEstimated
e following crops were included in this analysis: com, wheat, soybeans,
cotton, sorghum, barley, oats, rice, rye, canola, dry edible beans, dry edible
peas, peanuts, potatoes, safflower, sunflowes, sugarcane, and flaxseed. The
ities of crop residues that can ifable i h county i d
using total grain production, crop to residue ratio, moisture content, and
taking into consideration the amount of residue left on the field for soil

protection, grazing, and other agricultural activities. Source: USDA, National
Agricultural Statistics Service; 5 year average: 2003-2007 data.

a¥®

2,
Y=,
-l

For more information on the data development, please refer to m

p o8 p /39181 pdf  Although, the document wwwnrel.gov/gis

| contains the for the of an older the This map was produced by the
i to this as well. The diffe isonlyin

. on is National Renewable Energy Laboratory
Author :Billy Roberts - September 23,2009 the data’s time period.

for the U.S.Department of Energy.

enginuity
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_ Bioeconomy Corridor Approach

e SR

Thousand Resource

Tonnes/Year Potential
B 500 Outstanding

250 - 500 Excellent
W 50 - 250 Very Good

100 - 150 Good

50 - 100 Marginal

<50 Low

Transmission Line
230 KV and grester

® Major Load Center

DataSouice:
Travim ksbor Lhes -PDUFT Evergy

This study estimates the technical biomass resourcés currently

av ailable in the United States by county. It includes the

following feedstock categories:

- Agricultural residues (crops and animal manure);

-Wood residues (forest, primary mill, secondary mill, and Q’é
urban wood); L] »m-'%l

- Municipal discards (methane emissions from landfills -@‘9 T
and domestic wastewater treatment);

- Dedicated energy crops (on Conservation Reserve PJGH 28 March 2006
Program Lands)
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Bioeconomy Corridor Approach

| Annual Freight Tonnage by Mode

- National Highway System
= U.S. Class | Railroad
== Inland Waterways

Volume Scale (Tons/Year)

250,000,000 125,000,000 62,500,000

Sources: Highways: U.S. Department of Transportation, Federal Highway Administration, Freight Analysis Framework, Version 3.4, 2012. Rail: Based on Surface
Transportation Board, Annual Carload Waybill Sample and rail freight flow assignments done by Oak Ridge National Laboratory. Inland Waterways: U.S. Army Corps of
Engineers (USACE), Annual Vessel Operating Activity and Lock Performance Monitoring System data, as processed for USACE by the Tennessee Valley Authority; and USACE,
Institute for Water Resources, Waterborne Foreign Trade Data, Water flow asssignments done by Oak Ridge National Laboratory.
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Beach Head in Missouri
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Bioeconomy Corridor Vision

Thousand Resource
Tonnes/Year Potential

BN 500 Outstanding
250 - 500 Excellent
150 - 250 Very Good
100 - 150 Good
50 - 100 Marginal
< 50 Low

Transmission Line
230 KV and greater

® Major Load Center

Data Sousce :
Trarsm kshd Lhe s - ROVFT Evengy

This study estimates the technical biomass resourcés currently
available in the United States by county. It includes the

= following feedstock categories:

- Agricultural residues (crops and animal manure);

X ¢S - Wood residues (forest, pri il d i t
% . primary mill, secondary mill, and S
é o urban wood); « »m='
> - Municipal discards (methane emissions from landfills 0‘0 —

Nt e, - and domestic wastewater treatment),
- Dedicated energy crops (on Conser ation Reserve PJGH 28 March 2006
Program Lands)




Comments to the Committee

Encourage Continued Vision to Include
Solid Fuels, Biopower, GHG and LCA.

Your Work is More Important than Ever

Cost, Cost, & Cost
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