yy Program Lead
Idaho National Laboratory

November 17, 2021
CAAFI Webinar

This presentation does not contain any proprietary, confidential, Fi"l |d0h0 NaTion0| LObOFGfOI’y

or otherwise restricted information




Jll INL's Biomass Feedstock National User Facility

Feedstock logistics, preprocessing, and modeling capabilities spanning bioenergy supply chain

Feedstock Supply & Biomass and MSW Mechanical Scale-up for
Logistics Variability Management Preprocessing R&D Conversion-Ready

Feedstocks
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- Feedstock Supply Chain Challenges

Feedstock Supply and Logistics Preprocessing Conversion
v v v v v v v v @
Production Harvest& Long-Term Transportation  Short-Term Size Pretreatment Enzymatic Conversion of
Collection Storage Storage &  Reduction & Hydrolysis sugar monomers
Queuing Pelleting to

fuels/chemicals

- Biomass
What are biorefineries up against? \ Supply

Flowability, feeding and handling
Feedstock variability

Equipment uptime/downtime

Lack of equipment performance data
Lack of feedstock specifications )
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Feedstock Supply Chain Challenges

Feedstock Supply and Logistics Preprocessing Conversion

v v v v v v v v v

Production Harvest & Long-Term Transportation  Short-Term Size Pretreatment Enzymatic Conversion of
Collection  Storage Storage &  Reduction & Hydrolysis sugar monomers
Queuing Pelleting to

fuels/chemicals

o e
(b) Worn plug screw feeder after merely 54 hrs of operation with high-ash corn stover
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Updated Vision: Quality-by-Design Feedstock
Supply Chain

Develop value-add, transformative, economical and sustainable technologies to enable Quality-by-Design
Feedstock Supply Systems from renewable and diverse carbon and energy sources for biofuels,

bioproducts and biopower production
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Il Accelerating the Process of Innovation

Grist Mill Diagram
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Simplified Roller Mill Diagram

Whole Wheat Stone Milled Flour
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e Quality is an Issue for all Biomass Resources

Forest Residues Corn Stover Bales

 Raw Biomass DOES NOT meet Feedstock
Specifications

- Biomass Resource Diversity and Variability
Requires Preprocessing of Raw Biomass to
Achieve Feedstock Specification
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- Less than 30% of Field-Run Corn Stover Meets Critical
Biorefinery Quality Specifications

Field-Run Stover Quality Variability Biorefinery Feedstock Quality Specs
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_ 60 ...........................................................................................................
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* Greater than 90% of Biomass Feedstock material must meet all conversion

specifications




- Fractional Milling, Separation, Formulation, and Merchandising

Post-Harvest Physiology Material Comminution Separation and : Characterization and
and Chemistry WW and Milling WW Fractionation Blewling Densmcatlon Integration
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Midstream Facility
(May be attached to the refinery)
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Biorefinery
(Thermochemical or Biochemical)




Jlll Variability is Inherent to Herbaceous Biomass

- Anatomical Fractions have variable response in mechanical and chemical processing
— Leaves are pulverized upon impact

; ; Lietal., 2020, ACS Sus. Chem. Eng
— Husks and stalk need shear-based size reduction
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Corn cobs Corn stover stalks
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Jl Reconfigurable Fractional Milling Loop

R g " g w V i1
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i : =~ Hammer Mill === Mixer, Rock/Magnet — (out of picture) __
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* Reconfiguration enables tailored fractionation for multiple
feedstocks and conversion pathways
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- Anatomical Fractionation is Critical to Achieve
Conversion Specifications

13 yrs. old

Tops/

branches Whitewood

46%
Tops/branches

85%

Residues

23 yrs. old

Inorganic content (ppm)
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- Wood has many anatomical fractions with significant differences ash concentration
— Inorganics are responsible for slagging and fouling of catalysts in conversion
« The needles and bark (contained in the tops/branches) contain the most ash and their content

changes with age
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I Multi-Stage Comminution Combined with Separators
Enables Pine Residue Fractionation

Pine fraction types

Bark

I Needles

White wood
.
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Air Flow Inlet Air EW Inlet Airflow Inlet Air Flow Inlet Air Flow Inlet
-y
04

¥ i L"J s .
— — 351 E=ud kop|

Physics-based computational
P oV £ models are used to build
W hite Wood comminution and fractionation

Forest residues can now be separated into almost pure digital twins

anatomical fractions that will reduce fines generation
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and energy consumption in downstream milling operations
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I Developing Over-Belt Technologies for Separations
and Material Characterization

« Separations and Sorting Vision Systems

— Artificial Intelligence/Machine Learning powered
systems

pAme

ROBOTICS",

Material Identities
* Ex: HDPE, LDPE, PP
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Bl Summary

 INL’'s capabilities range from feedstock logistics, preprocessing, and modeling
spanning bioenergy supply chain
— Biomass Feedstock National User Facility designated in 2013

» Feedstock quality specifications are critical to maximizing predictability of
conversion

 As industry moves to more diverse resources such as MSW, wet wastes, and
gaseous feedstocks to support a circular carbon economy, more emphasis is
needed to reduce variability in:

— Flowability and Handling
— Fractionation (critical to maximizing revenue)
— Stability
- Feedstock management is critical to biorefinery performance
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