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o The “billion-ton” potential

o Biomass preprocessing:
necessity, approaches, and
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Why 1s biomass important?

* (Only) sustainable carbon carrier

!
'
— The largest source of renewable —i—ﬁ
energy globally B g,
(55% all renewable, 6% total) BIOMASS
SBUR  SOURCES
— 5X higher than wind and solar PV |« -

(traditional use excluded)

MUNICIPAL

— Only renewable energy source for
liquid biofuels: hard-to-electrify sectors Source: IEA
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The “billion-ton potential and national goals
* Billion-Ton Study (2005), Update ety O
(2011), and Report (20106)
— 1.3 billion dry tons of nonfood biomass
— Feedstock: types, availability, and supply
* Bold Goals for U.S. Biotechnology
and Biomanutacturing (March 2023)

- 4 Themes: transportation fuels, i ‘ ? ‘,—:-“’ AND BIOMANUFACTURING

chemicals and materials, climate-focused

agricultural systems, and CO2 removal G
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More than energies

* 1 billion dry tons of sustainable nonfood biomass (DOE 2016)

Feedstock =
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— Chemical 2

— Thermo-chemical

— Biochemical

— Hybrid thermo-biochemical -
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Biodiesel
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https://doi.org/10.1002/jctb.6960

Effort 1: Structural understanding (Biochemical)

The role of biomass particle size, smaller the better?

.- Assessed how millimeter and submillimeter biomass
| particles performed during pretreatment and hydrolysis.

1. Size reduction (comminution) by itself was insutficient to
attain economically feasible sugar yields.

Size reduction in a cutting mill 2. Submillimeter particles’ advantage in enzymatic

Particle size

hydrolysis efficiency was outweighed by their low solid
and sugar recoveries in pretreatment.

3. Enzyme-accessible surface area was a strong indicator.
Accessible surface area | Crystallinity 4. Crystallinity was a weak indicator.
Hemicellulose 5. Hemicellulose/lignin removal increased enzymatic
content Lignin content

KANSAS STATE Yang et al., 2022, https://doi.ore/10.1007/513399-021-02169-3

hydrolysis efficiency.
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Ettort 2: Process innovation (Thermo-chemical)

* (Can torrefied pellets be made in a single step?

Current sequential solution

l} Conditioning [ Pelletization

Proposed integrated solution

Simultaneous
Torrefaction and Pelletization

Co-firing in EU

+ Power industry
+ Iron and steel |ndustry

'Laﬁe\M data @ OpenStreethlap

Raw biomass Torrefied pellets Ty
Pneumatic
cylinder 7 \Tool m 280 (°C) . . .
] Regulator ) - 250 1. Two fuel upgrading actions (torrefaction
Ultrasonic 1O X =4 ) 1 220 . .
vibration — ) e petiet [ and pelleting) happened simultaneously
AEETIATESSer / 160 with the assistance of ultrasonic vibration.
Pressure 130 . .y
Converter e ety 1 100 2. Enhanced density, durability, and
Pelleting tool : i h h b . f f d H
Mol oid 70 ydrophobicity of torrefied pellets.
A - 40
3. Mass balance, TEA, and LLCA are needed.

. 4 15 mm . : :
Pellets.........  Viscoelastic heating
Power supply

Yang et al., 2019, https://doi.org/10.1016/j.renene.2019.04.112




Efttort 3: Platform integration (Bio-Thermo-Chemical)

* Utilizing hydrolysis residue as an additive for fuel pellets

Biomass

feedstock

—Cellulose —»

—Hemicellulose

—Lignin

Pretreatment

—Size reduction
—Thermochemical

Enzymatic

DOI 10.1515/¢ps-2016-0017

' lignin
SN polymer

hemicellulose
polymer 3

e cellulos€ fibril
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Power plant

: Fermentation
hydrolysis ——»  glucose, hemicellulose ->
—Cellulose ->glucose ethanol
Distillation —>

Ethanol

ppm

. 1.

. NMR of hydrolysis residue showed signal gains
. representing G-type and H-type lignin and an
. increase 1n lignin resinol unit content.

Benefits pellet combustion performance
- 2. Produce dense and durable pellets
3. Create a hydrophobic pellet surface

Yang et al., 2023, https://doi.org/10.1016/].fuel.2023.128582



e Feedstock-conversion interface:

* Key feedstock and operation factors Multi-Year Program Plan
2023

* Biomass flow behavior and abrasion mechanisms
* Intelligent control systems and performance criteria

* Biomass deconstruction and fractionation:

* Pretreatment strategies that can save water and preserve lignin

1 Billion

{ 1 . dry tons of sustainable biomass
* Systems development and integration: ikt

* Lignin deconstruction and valorization

* Critical unit operation validation

*  Feedstock variability e e & 2.
* Data, modeling, and analysis | -ﬂ (o5, N

4 Produce “ Produce ¥ Reduce “ Produce
10 KANsas STatE 60 Billion JCLM 200 Million LR 450 Million LR 1 Million
UNIVERSITY gallons of renewable, metric tons of renewable metric tons of greenhouse direct jobs
low-carbon fuels chemicals and materials gases per year
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Figure 3 — Analogous Model of a Biobased Product Flow-chart for Biomass Feedstocks
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