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U.S. Energy Consumption in 2022
U.S. primary energy production by major sources, 1950-2022

quadrillion British thermal units

110
o 100 quads
90 2022
® coal: 9.85 quadnllion British thermal units
80 ® natural gas: 33 41 quadnllion British thermal units
70 ® petreleum: 35 85 quadnllion British thermal units
60 ® nuclear: 8.05 quadrillion British thermal units
90 ® renewables: 13 18 quadrillion British thermal units
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® renewables @ nuclear @ NGPL @ crudeocil @ naturalgas @ coal

Data source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.2, April 2023,

/.'w preliminary data for 2022
€la’ Note: NGPL is natural gas plant liquids. 3



U.S. primary energy consumption by energy source, 2022

total = 100.41 quadrillion
British thermal units (Btu)

nuclear
electric

power
8% coal

petroleum 10%

36%
renewable

energy 13%

total = 13.18 quadrillion Btu

s 1.6% - geothermal

14 2% - solar

18% - hydroelectric

29% - wind

3% - biomass waste | 5 q uads

18% - biofuels biomass
37%
- 16% - wood

Data source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.3 and 10.1,

/.w April 2023, preliminary data

€la’ Note: Sum of components may not equal 100% because of independent rounding.
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Congressional Volume Target for Renewable Fuel
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Sustainable
 Aviation Fuel
g

#— Grand Challenge

2030 3 BGY
2040 17 BGY
2050 35 BGY
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Biomaterial

Herbaceous biomass

Crop residues | Biofuels
ik S, AR, Bioproducts
Biopower

National challenges

- Mitigate carbon emissions
- Improve land use

- Strategize for food/energy
for a growing population
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Biomass Potential

Biomass as Feedstock for a
Bioenergy and Bioproducts Industry:
The Technical Feasibility of a
Billion-Ton Annual Supply

30
billion
gallons
by 2040
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Cellulosic Biofuel: Current status
197 Biorefinery Plants

192 plants with conventional 5 plants with cellulosic ethanol

ethanol production only capabilities alongside
conventional ethanol
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Cellulosic Biofuel: Current status

POET-DSM Plant, Emmetsburg, IA

e Annual Capacity: 20M gallons
e 2014 - 2019 (Production Paused)

: _ | * Annual Capacity: 30M gallons
WSS o 2015 - 2018 (decommissioned)

Abengoa Plant, Hugoton, KS

e Annual Capacity: 25M gallons
e 2014 - 2015 (decommissioned)

13
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Logistic Challenge
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Methodologies

Supply Chain Challenge

1. Optimization «

2. Geospatial Analytics

3. Simulation

4. Hands-on pelletizing

Land Conservation Challenge
1. Remote Sensing and Al
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Optimization
Objective: Maximize biomass accessible to a facility at a max 5‘ y y Xixf
target price and target biomass characteristics ) b ’

JEJ] REK fek

Constraints:
11\10. Eonstrajnt Name Mathematical Formulation ° FaCi | ity Ca paCitieS
eedstock purchase Z Zyp< tis ViELfEF o o . o
) Masmom sty e Lyaviclfeper  Facility utilization: 90%
5 Depot Capuciy > Y Xy =D Giv yinj « Cost target: $2.5 GGE
i€l fEF
4 Biorefinery Capacity ;;JQH =B+C v jing ° Qua“ty ta r’g et
i
5 Flow balance for field-depot X = X.c:viel.feF °
; ifp ; ijf ASh
] Depot Utilization Xz U+ExC:j€]
2.2 Kur 20 E "G « Carbohydrates
7 Flow bal for depot- _ i .
biorefinery Zx”f B “Zx Yz vI LT EE  Moisture
I
3 Maximum Biorefinery Cp =4+ Ly kK
Capacity
9 Maximum Ash Content Z Z Xpprap<S$ *Z Z Xy vk €K
JEJ FEF JEJ fFEF
10 Blending Ratio Z Z Ky <P+B+Cos vk ek
JEJ FESRWE
11 Cﬂstta.fgﬁt .Ff.}-'i‘ chjkqu—:ﬁ* Xjkf
12 Variable constraints Xipz=O:viel. fEF.peP
Xz viel,je], fFEF
Xps=0:vje] keK fEF
C=0:vje]
Cp=z0:vkeEK .
13 Binary constraints Zip€{01} Vi€l fEF, peP
Ly e{0lkvje] 17
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(23 Herbaceous Biomass & @ Depot

Biochemical Conversion A Biorefinery <879
Biorefinery > $79

Target Qualities Transportation
Carbohydrate = 59%
Ash <5% T
Moisture ~20%

S2: 92M dt
S3: 168M dt

2-pass Corn Stover Switchgrass

n X

Combine

Baler

3-pass Corn Stover (47% of EPA goals)

j i Production (dry tons/ year)
. ‘:ﬁ'“ Miscanthus 3 -
comene shred & indrow Bl » 10,000-100,000 = 100,000-900,000

Cumberland County
NC

~1M decision variables

'_ e SWitchgrass
20,000 constraints

= Corn stover two-pass
=== Corn stover three-pass

T. Hossain, D. S. Jones, et al. (2021). The nth-plant scenario for blended feedstock conversion and preprocessing 18
nationwide: Biorefineries and depots. Applied Energy, 294, 116946.
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Transportation Cost

80
70 —Pellets on Truck -
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0
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Gonzales, D., Searcy, E. M., & Eksioglu, S. D. (2013). Cost analysis for high-volume and long-haul
transportation of densified biomass feedstock. Transportation Research Part A: Policy and Practice, 49, 48-61. 19
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Herbaceous Biomass g®% @ Depot

Biochemical Conversion A Biorefinery <879
Biorefinery > $79

Target Qualities Transportation
Carbohydrate = 59%
Ash <5% T

Moisture ~20% .. ...
Feedstock

v Ay s

Combine Shred & Windrow Baler

M1: 168M dt
A Biorefinery<$79 A
MZZ 173M dt Biorefinery > $79 5 Q)
M3: 280M dt Production (dry tons/year)  0-100 '100-10,000
» 10,000-100,00C 0-500,000
— 13B GGE
(78% of EPA goals)

T. Hossain, D. S. Jones, et al. (2023). Nth-plant scenario for blended pellets of Miscanthus, Switchgrass, and Corn 20

Stover using Multi-Modal Transportation: Biorefineries and depots in the contiguous U.S. Submitted to Applied Energy.



NC STATE UNIVERSITY

US biomass sources by state in 2040

Feedstock
307 Switchgrass
Corn stover 2Pass

Corn stover 3Pass
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T. Hossain, D. S. Jones, et al. (2023). Nth-plant scenario for blended pellets of Miscanthus, Switchgrass, and Corn 21

Stover using Multi-Modal Transportation: Biorefineries and depots in the contiguous U.S. Submitted to Applied Energy.
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Woody Biomass

Thermochemical Conversion

Nth-plant scenario: Biorefineries and Depots
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No constraint Fross
8 Residues
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® Depots z Fing
1-50,000 A Biorefineries < $85/dt Poplar

= 300,000 - 750,000 A Biorefineries > $85/dt

75%  50% No

Basecase py R FLR constraint

Willow
Euc
— 9 B GGE (55% of EPA goals)

Hossain, T., Jones, D. S., et al. (2022). Nth-plant scenario for forest resources and short rotation woody crops: biorefineries and
depots in the contiguous US. Applied Energy. Volume 325, 2022, 119881, ISSN 0306-2619 22
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Nuclear Biofuels

Fields Farm/Forest/Other Biomass
Depots  Nuclear
Biorefineries
GASOLINE Depot Depot Depot Depot

~
Convert to Dense Storable Transportable
JET FUEL Biomass for Long-Distance Unit-Train Transport

DIESEL . -

Biorefinery (250,000 Co-located
= CHEMICAL Barrel per Day Oil Nuclear
B ‘ FEEDSTOCK Equivalent) Plants

I Liquid fuels (Gasoline, Diesel, Jet Fuel) 1
L and Chemical Industry Feedstocks

Forsberg, C. W., Dale, B. E., Jones, D. S., et al. (2021). Replacing liquid fossil fuels and hydrocarbon chemical feedstocks with
liquid biofuels from large-scale nuclear biorefineries. Applied Energy, 298, 117225. 23
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MICHIGAN STATE
UNIVERSITY

aNuclear Biofuels Gup. &

Objective: Minimize the price of delivering biomass to n nuclear biorefineries
with capacities of 250k barrels per day while meeting feedstock quality specs.

# of Depots: 157 # of Depots: 315 # of Depots: 462 # of Depots: 604 # of Depots: 755
Cost per ton: $89.83 Cost per ton: $93.98  Cost per ton: $98.99  Cost per ton: $95.88  Cost per ton: $99.39
Supply: 82 M tons Supply: 164 M tons Supply: 246 M tons Supply: 328 M tons Supply: 410 M tons

® Biorefineries Production (dt /year) 7-

5,000-30,000 30,000-150,000

Nuclear Biofuels

Biorefinery Size ~
= 82 M dt /day ﬁ‘ﬂ

= 250k barrels/ day

Jones, D. S., Hossain, et al. (2022). Techno-economic feasibility of nuclear biofuels. Manuscript in preparation.
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Oilseeds

SAF GOALS Y Y

S 5 5 Oilseed productio
oybeans|| Cover Crops ok
2030 3 BGY —p| Carinata

2040 17 BGY —»{Camelina

2050 35 BGY | Pennycress )
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= Trucks of oilseeds

— - Trucks of liquid oil ) N
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- == Pipelines of oil
ri-% m P SAF Biorefineries NOT selected

Qilseeds in trucks Qil in trucks

Qil Processors NOT selected

Pin, J., Jones, D. S., et al. (2024). Supply chain analysis of pennycress, carinata, and camelina for sustainable aviation 2
fuel. Manuscript in preparation.
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Methodologies

Supply Chain Challenge

1. Optimization

2. Geospatial Analytics «

3. Simulation

4. Hands-on pelletizing

Land Conservation Challenge
1. Remote Sensing and Al
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_ Biomass and Bioenergy
3-.1 SEVII [\:. Volume 97, February 2017, Pages 1-10

Research paper

GIS-based allocation of herbaceous
biomass in biorefineries and depots

Daniela S. Gonzales, Stephen W. Searcy & &

| 77 biorefineries 184 M DMg per year
2011 NLCD Legend T 171 depots 9-13 B GGE
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Gonzales, D. S., Searcy, S. W. (2017). GIS-based allocation of herbaceous biomass in biorefineries and depots. 27
Biomass and Bioenergy Journal, 97, 1-10.



NC STATE UNIVERSITY

Methodologies

Supply Chain Challenge

1. Optimization

2. Geospatial Analytics

3. Simulation «

4. Hands-on pelletizing

Land Conservation Challenge
1. Remote Sensing and Al

2

.V ,: .,“ \\‘
:

28



NC STATE UNIVERSITY

Bioeconomy Simulation

D. S. Jones, S. W. Searcy. (2021). Techno-economic analysis of BioMODS - a hybrid system for biomass storage
and transport. Manuscript in preparation. 29
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Methodologies

Supply Chain Challenge

1. Optimization

2. Geospatial Analytics

3. Simulation

4. Hands-on pelletizing «
Land Conservation Challenge
1. Remote Sensing and Al
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Hossain, T., Jones, D. S., Godfrey, E., Chinn, M., D, Saloni, D.
Corn Stover and Switchgrass. Submitted to Applied Energy.

Densifying Biomass

w

7 Blending herbaceous
ot biomass improves
pellet durability
y - =

S e e Ny, e
g i S
B e e AL
A._‘_\T__ «-._:f s e N
Tt T il Ll

1 2 A 1

Pellet Mill

(2022). Value-added Miscanthus blended pellets with

31
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Methodologies

Supply Chain Challenge

1. Optimization

2. Geospatial Analytics

3. Simulation

4. Hands-on pelletizing

Land Conservation Challenge
1. Remote Sensing and ML«
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Cover Crop for Carbon Sequestration USDAZUSGS

sc:ence for a changing world
Objective: Quantify carbon in SOI| correlating reflectance in satellite images

" Training set: World View 3 3x3 m ($$)
/ Testing set: Landsat 30x30 m (free)

OUTPUT - Map cover
crop percentage residue

Photo borrowed from
‘Quemada and
Daughtry (2016)

>90% cover

Santos, L, Jones, D. S., et al. (2024). Cover crop mapping and biomass estimation using satellite imagery 33
and machine learning. Manuscript in preparation.
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Thank you for your attention!
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