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NARA: Feedstock to Fuels

FOREST RESIDUES
PREPARATION

Primary feedstock targets include forest resi-
dues from logging and thinning operations.
We are also considering mill residues and dis-
carded woody material from construction and
demolition, in regions where these materials
are under utilized.
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TRANSPORTATION

Feedstocks are transported from the collection
site to a conversion facility. Chipping can take
place at the loading or in a preprocessing fa-
cility.

DIESEL

PRE-TREATMENT

Wood chips are treated to make the sugar
polymers (polysaccharides) accessible to de-
grading enzymes. These processes allow the
lignin to be available for separation.

HEAT, WATER,
& CHEMICALS

ENZYMATIC HYDROLYSIS

Specific enzymes are added to hydrolyze
(cleave) the polysaccharides and generate
simple sugars (monosaccharides).
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AND

FERMENTATION

Specialized yeast convert the monosaccha-
rides into isobutanol.
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BIOJET
& CO-PRODUCTS

Aviation fuels can be generated from the plat-
form molecules derived from wood sugars.
Lignin can be used to generate co-products
such as epoxies, structural materials and bio-
based plastics. As an alternative, lignin can be
burned to produce renewable energy.
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Biorefinery Approach Spakane, WA
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Isobutanol to Jet Fuel Demonstration P

Demonstration unit at South Hampton .
Resources, Silsbee, TX is fully functional

o © 2012 Gevo, Inc.
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Sustainability Assessment Spokane, WA
Environmental Economic Social
. Life Cycle E ' .
n- Sustainable A y . ;onlormc Social & Market
ssessmen
Feedstock | | "~ " || nay5|s Assessment
""""""""" uw TSI, Weyerhaeuser, o
Weyerhaeuser, OSU, UW Penn State, WSU,
UW, WSU Uldaho
Stakeholder Concerns
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20%

Soil Loss of
degradation

Wildlife habitat Economic  Transportation Water quality
nutrients issues concerns issues
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Industry Feeds Education Spakane, Wh
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31,674 K12 Students

845 Professional Teachers

171 Undergraduate Students
159 Graduate Students

60 Lesson Plans

16 Peer Reviewed Publications

EDUCATION STATISTICS

SPEAK FOR THEMSELVES
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Education and Outreach Feeds Research Spokane, WA
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Regional Supply Chain Analyses Spakane, WA

Pacific Northwest (PNW)

Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research
for the region identified as the Pacific Northwest, which includes Montana,
Idaho, Washington, and Oregon.

Mid-Cascades to Pacific (MC2P)
Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research
for the region identified as Mid-Cascades to Pacific, which includes the western
sections of Washington and Oregon.

Western Montana Corridor (WMC)
Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research
for the region identified as the Western Montana Corridor, which includes the
western section of Montana, Northern Idaho and northeast Washington.

Clearwater Basin
Supply Chain Analysis

This site provides supply chain data and analysis generated by NARA research
for the region identified as the Clearwater Basin, located in central Idaho.

NARA
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Progress Towards a Defensible Sustainability Analysis
Last Years Comments on Value Chain

Unacceptable risk with two lignin co-products
Demonstrating commercialization pathways

1K IPK (1,000 gallons of biojet)
Scale-Up for demonstration of integrated technology
What is the NARA Role with < S40/bbl Crude Oil

CHALLENGES TODAY

NARA
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NARA Process - Simplified
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NARA ASPEN Process Model e
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... underpins our Sustainability Analyses Spolcane, WA
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LCA — Equivalent CO2 Emissions " spokane,wa

> 60%
Reduction

est Advanced Renewables Alliance

P USDA

Northw



Value Chain: Route to Cost Parity for Fuels

Lignin €Co-Product | Lignin Co-Product 2

Potential

Revenues
Fuel Cost Parity with Petroleum

Byproduct

NARA Annual Meeting
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Petrochemical Value Chain Spokane, WA

Petroleum End-uses Revenues

4%

Transportation Fuels

. Chemicals, Plastics, Rubber

Source: T. Werpy,

2009 BioWorld Conference
(Modified by Tom Browne) . Other Fuels and Products

NARA
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Good for Environment — Not so for Profit Spokane, WA
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Final Form for Deployment

« Biomass Sourcing Model

» Biorefinery Siting Methodology
 ASPEN Process Model for IBR

« Life Cycle Assessment Model (LCA)
e Community Impact Assessment (CIA)
« Techno Economic Analysis (TEA)

* Environmental Assessment Systems

SUSTAINABILITY ANALY SIS
STATUS

READY TO SHARPEN THE PENCIL

est Advanced Renewables Alliance
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IPK

WOOD TO WING

s NARA
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WHY

Demonstrate Integrated
Technologies

Supply Chain to Deliver
Technologies

Needs of Aviation Partners

Learn, Educate, Connect

1501 NARA

Northwest Advanced Renewables Alliance




1K'|P|§VT Feedstock Supply Chain

Feedstock Suppliers
Weyerhaeuser Corp (OR)
Confederated Salish and

Kootenai Tribes (MT)
Muckleshoot Tribe (WA)

Processing Partners

~ ' Lane Forest Products (OR)
Kevin Jump (MT)
Bill Bass (WA)

ﬁj % Google

San Angel gace
nple
>ollege Station
stin CONroe
o Be.
. Houston
S Fat
/ w_ Sa
\\
Piedras Negra:
N
\_
\

NARA Annual Meeting
Spokane, WA

= Fermentation
‘tates s

' Alcohol to Jet

aumont

Au

Northwest Advanced Renewables Alljance =2015 coogle. INe



ish and Kootena
Kevin

Sal

(-
=
O

O




) T
8-

ane Forest Products
“a A AT S ey
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1K-IPK — Conversion Supply Chain Spokane, WA
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1K-IPK — Fuel Distribution and Demonstration Spokane, WA
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1K-IPK — Fuel Distribution and Demonstration Spokane, WA

Fuel Certification
Alter Jet - ASTM D7566
Blending
Conv Jet — ASTM D1655
Distribution to Wing
Commercial Demonstration
Flight

Processing Partners
Gevo Corp

South Hampton Refining
Blending Partner
Alaska Airlines
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Alaska Airlines Imagine TOMORROW Spokane, WA

Alaska Airlines Imagine TOMORROW

Now Twelve Challenges: May 20-22, 2016

Challenge Topics:

The Food, Energy, and Water Challenge

The Aerospace Challenge
The Built Environment Challenge
The NARA Biofuels Challenge

Challenge Approach:
Technology
Design
Behavior

Interested in Judging? Email imagine@wsu.edu
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With Crude Oil Stocks High and Prices Low.... Spokane, WA

U.S. Commercial Crude Oil Stocks ﬁ

million barrels C
500

. Why Biofuels?
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Jan 2010 Jan 2011 Jan 2012 Jan 2013 Jan 2014 Jan 2015 Jan 2016

Note: Colored band around storage levels represents the range between the minimum and
maximum from Jan. 2010 - Dec. 2014.

Source: Short-Term Energy Outlook, September 2015.

Forecast

NARA
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Difficult to Predict Oil Market Spokane, Wi

Forecast Year
W 1982 0O 1980 O 2000 W 2010 M Actual

160
|

100
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Qil Price (year 2005 dollars/bbl)

Sept 10, 2015: ~37USD/bbl
| (in 2005 dollars)
o ==

J | | I
1980 1990 2000 2010 2020 2030

Year
Source: Lynnette Dray (U. Cambridge), augmented with current oil price by Robert Malina (MIT)

Analysis of EIA Annual Energy Outlook Forecasts
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Product Substitution takes Time

With a few exceptions, it takes 10 or more years to make significant

market penetration with a new product or substitution

NARA Annual Meeting
Spokane, WA

Normalized adoption curves for

nine technologies (with max penetration) Composite decking = =

Vinyl siding — |-JoiStS

100% = terminal penetration rate s PEX = Superior Wall === Hardie Board
(with share of addressable market) = = Structural glass == |CF — PVC
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(22%) (3;50/") (9%)
80 -
70 +
60 -
50
40
30 +
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0 5 10 156 20 25 30
Years in the market after initial launch/adoption McKinsey, NAHB
20 Timwood
USDA lan de la Rouche. 2014. Northwest Biofuels and NARA

d Co-Products Conference. Seattle, WA.
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Solar Cells — Invented in 1941
LED — Invented in 1962
Lithium lon Battery — Conceived in 1980

COMMERCIAL ENERGY

DEVELOPMENTS
SINCE THE 18T ENERGY CRISIS

est Advanced Renewables Alliance
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Moving from Invention to Commercial Reality
« Forest Residue Collection and Preparation

« Envisioning Integrated Facilities and Siting

« SPORL/ MBS Pretreatment

 Alcohol to Jet

« Demonstrating Feasibility with Supply Chain Implementation
Partners

« Educating Citizens, Industry, Policy Makers

Advancing Supply Chain Development
THE ROLE OF NARA

NARA
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Invention is important.
Improvement is crucial....

A crisis doesn’t go away by ignoring it.
It is solved by working on it.

A REVOLUTION COMES IN
LAYERS

JOHN YEMMA | CSMONITOR.COM | AUGUST 30, 2015

NARA
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This material is based upon work supported by the National Institute for Food and Agriculture, U.S. Department of
Agriculture, under Award No. 2011-68005-30416.

Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the author(s) and do not
necessarily reflect the view of the U.S. Department of Agriculture.




