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Project Overview

Overview: Two Resource-based Tasks

2023 (BT23)

2016 (BT16)
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County Resolved Feedstock Data
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Task 1: Billion-ton Report

Conducts
biomass
resource
assessments
* Quantities
* Prices
« Spatial
distribution
 Market
maturity

Task 2: Best Use of Biomass

» Assesses optimal biomass
allocation to pathways and products

 Calculates
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Agenda

* Project overview

* 1 - Approach
— Billion-ton Reports (BT23)
— Best Use of Biomass (BUoB)

e 2 - Progress and Outcomes
— Billion-ton Reports (BT23)
— Best Use of Biomass (BUoB)

e 3 - Impact

e SumMmary
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1-Approach

Approach for 2023 Billion-ton Report
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1-Approach

BT23 Team & Collaborators

Scott Curran Maggie Davis Erin Webb Esther Parish Chad Hellwinckel
Currently Used Forestland Resources Delivered Analysis Data Dashboard Ag Land Resources
ORNL ORNL ORNL ORNL ORNL

Anelia Milbrandt Ryan Davis Anne Otwell Damon Hartley
Wastes Microalgae Macroalgae Logistics Harmonization
NREL NREL DOE INL
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1-Approach Building on the State-of-the-Art: BT16

Conclusion: can ~triple current bioeconomy to ~1 billion tons per year High-yield biomass

crop scenario:

Corn to additional 325
. Agricultural Residues, Forestry,
Potential Wastes, 142 . -

0 100 200 300 400 500 600 700 800
Million Dry Tons/year

Biomass Energy Crops, 411

Supply varies with price and time County-level results downloadable
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frerosch - BT23 — Forestry modeled on yield and economics

Resource Collaboration Analysis Region Inputs
Logging re§i/dUés Ur Forest Sustainability * Inventory from USFS Forest
b e and Economic Conterminous Inventory and Analysis (FIA)
AN - Assessment Model us data
(ForSEAM) « Conventional demands
_ _ (sawtimber and pulpwood)
Subregional Timber SE US from Forest Resource
Supply Model Outlook Model

Price

(SRTS) *  Growth & yield data

* Operational costs

Bioregional Inventory _

Originated Simulation ~ VVestern fire-

Under Management prone forest
(BioSUM)
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1

Aeeroech BT23 — Agriculture partial equilibrium economic model

Resource

g Crop residues.

i

Switchgrass

Willow

Analysis

Model: Policy Analysis System
(POLYSYS)

Inputs:
« Conventional (food, feed, fiber, o

OAK
RIDGE

National Laboratory

K / \
4 Expected Prices

| comn swepLy mo s, 2019-2006 Start with USDA Baseline

Item 019 2020 2021 2922 2023 2024 2025 2026 2027 2028 2029 2039 2031
Planted 8.9 945 8.0 8.0 8.0 8.0 89.2 890 83.5 85.5 8.5 88.4 873
Harvested 81.8 87.1 81.6 81.6 81.6 81.6 B81.6 81.6 8.1 8.1 81.1 8.9 8.0
Yield(Bu/Ac) 168.4 178.5 180.5 182.5 184.5 186.5 188.5 190.5 192.5 194.5 196.5 197.5 198.5
Season v i 3.80 3.49 3.4 3.45 3.45 3.5 3.55 3.55 3.60 3.60 3.60 3.48 3.49

ason Average Price .
Not Rotns(Value-Expns) 23186 22299 21244 22669 21024 24091 25042 25572 26639 27245 27810 26117 26273

[‘shock’ introduced]

export) demands from 2023 USDA
Baseline Projection

» Crop yields (tons/acre/year) from
SunGrant Regional Feedstock
Partnership

» Crop production budgets from
surveys

« 30-meter resolution (2022
Cropland Data Layer)

Regional Acreage and Production

(3110 Linear Programming odels)

{

POLYSYS Regional Output

Annual acreage, production,
government payments, income

I =t

==

National Prices g
And Demand

(Elasticities for demand responses)

Livestock Production

4

POLYSYS National Qutput
Annual Prices, production,
government payments, exports,
income.

020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041

2042 2043 2044 2045 2046

Outputs: County-level supply curves
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1-Approach

UPDATING in BT23

Economic and spatial data
« 2023 USDA baseline data

* Updated costs & food demands

« 2022 Spatial data for "‘ |
environmental effects

Wastes

« Adding county-level fats, oils, and greases

« Accounting
for mature-
market price
competition

e TN

| SNREL

Ag and Forestry
» Ag residues (e.g. corn stover)

* Logging residues, thinnings, pine
plantations :

* Biomass crops

Transforming ENERGY

Micro- (“pond”) algae
» Updating to 2021 Microalgae Harmonization

« Updating to
latest
microalgae
yield and
costs




1-Approach

NEW in BT23

Oilseed crops for SAFs

* (Collaboration with
ARPA-E

OceanReports

A BOEM/NOAA PARTNERSHIP

MarineCadastre.gov

Western Forest Fuels for biomass
with USFS

 Biomass from 2022
USFS Wildfire Crisis
Strategy

CO, to e-fuels

e Proximity to
renewable
electricity S

e High
concentration

(e.g. .
fermentation)




1-Approach

BT23 Timeline
I;'rr;'f‘:g Reviews

® ENERGY

FY23Q1

Report landing page (broad
audience)

FY23Q2

FY23Q3

To

publishing

Published

FY23Q4

FY24Q1

FY24Q2




1-Approach

Approach for Best Use of Biomass (BUoB)
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1-Approach
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BT23 Team & Collaborators

Dipti Kamath
Environmental engineering
Life cycle assessment
Technoeconomic analysis

Matthew Langholtz

Natural Resource Economist
Biomass resource economics
Bioenergy with carbon capture
and sequestration

Oluwafemi Oyedej
Biosystems and chemical
engineering
TEA and LCA data integration

Biomass feedstock and conversion

pathway

Scott Curran

Energy Science and
Engineering

End-use applications of
biofuels

Well-to-wheel analysis

Ingrid Busch
+ Transportation Analyst
*  Optimization
* Network analysis

Tim Theiss
+ BETO Laboratory Relationship
Manager



1-Approach
BUOB: Integrated Carbon Management Approach using BILT Model

Metric = Marginal Carbon Abatement Cost

* Metric: Marginal Carbon Abatement Cost (CAC)

« Compared to a reference fuel scenario that is being replaced by biofuel taking care to keep
consistent reference case for each end-use sector (aviation, marine, rail, on-road)

Increase in cost of biofuel A$ $

Carbon Abatement Cost = = —
Decrase in carbon fromreference  ATonne CO, Tonne CO,

$$$ $
Example: Eh] & Eﬂ
(corn stover Biofuel Ref Fuel _ A$ _ $3.00/gal _ $75.00
Gat‘:’)'fj'g?}'lj’;;” @ Q ATonne CO> 0.04 Tonne CO,/gal Tonne CO,
Ref Fuel Bicguel
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1-Approach

BuOB: BILT Model - biomass allocation model to provide insight for
decarbonization across competing pathways or sectors

BT16 and BT23

. i Inputs Outputs
Uses s.patlally resolved BT16 data p T — i p
(BT23 in future) Spatial biomass | Facilities

. . |:> distribution | sited
 Relies on from peer-reviewed TEA and P Optimization > Outputs > | Biomass
LCA data (or from other NLs) type/route - consumed

| Product
| produced

Biomass preprocessing T o "A .
options o 3 ,J '
Facility sizing and ' : LN

siting criteria

: Cost by type

Overall Goal: Compare competing

Carbon
avoided

Life-cycle

decarbonization strategies using spatially :> carbon intensity T
distributed biomass resources Technoeconomic |

analysis

» Current results — biofuel pathway only
Methods described in Curran et al. (2022)

. . . Biofuel =] Aviation
Selec.:ted lanaIyS|s. .for answering key questions Feedstocks iatuels 1 )9_ )
» Biorefinery facility size and number ; ﬁg Lesidlae e a1l i
. Hardwoo o | =

* Compare CAC of pathways 3. Herbaceous energy crops Product T N
- Sensitivity to TEA/LCA 4. Logging residue Pathways g —
Carbon Avoidance Cost as Comparison Metric 6. Woody energy crops ;j F¥fg'.3,’:i'f?caﬁon g ﬁiesr?tlh

3. Fermentation - rapntha

4. Alcohol-to-Jet 4. Ethanol

: 5. Electricity

%OAK RIDGE
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https://www.ornl.gov/sites/default/files/2022-11/ORNL%20Review%20v55n3%202022_1.pdf

2-Progress&Outcomes

Progress and outcomes for 2023 Billion-ton Report
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2-Progress&Outcomes

BT23 Progress and Stakeholder Feedback

2023 Billion-Ton Report

Domestic Bieimzss Resources for
Decarboizing the Economy

Expected
~ September 2023

/~\ US DEPARTENT OF
(@) ENERGY

%OAK RIDGE
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Changes in BT23:

New resources

— Qilseed cover crops

— Macroalgae

Modeling updates

— Economic conditions

— Modeling inputs (cropland

area, forest inventory,
conventional prices)

Shorter - improved
communication

Wildfire Crisis Strategy —
USFS collaboration

Revised data download
tool

Stakeholder engagementis
ongoing!

Early Feedback:
 Distinguish lipids from
cellulosics

 Add Carbon Intensity
values

 Add RFS qualification
table

* Report near-term and
mature-market scenarios

* |dentify sustainability
risks and modeling
limitations

e Modifications to crop
budgets



2-Progress&Outcomes
<O Herbaceous on Cropland
A~

Lignocellulosics: ~400 million tons S
Prellmmaw Results ($70/ton)

AII Herbaceous Biomass Crops

Planted Acres
M <0
M <10,000

<75,000
<150,000
<493,000

o - . ] L ¥/ - Production Density
/ T e N ) ,‘ o, tons per sq mile
<10
 10-100

100-500
| 500-1,000
B > 1,000

% OAK RIDGE ke \
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2-Progress&Outcomes

& T, Vl?gnn_}:/_pres‘s,
New Oilseeds Cover Crops Analysis ey
Suggests ~22 million tons, =~3 billion S

gallons SAF
Preliminary Results - ($0.15/Ib)
B S kAII Oilseeds

Production Density
tons per sq mile Oilseed Acres
<10 M <0
10-100 B <10,000
100-500 <75,000
J 500-1,000 <150,000
<
% OAK RIDGE I > 1,000 =310,000
National Laboratory




2-Progress&Outcomes

New in BT23: Biomass from fire reduction treatments
With USFS

e National Wildfire Crisis
Strategy: Enhance fire
resistance of 50 million

ac.
e Biomass from forest fuel
reductions ——
entra
« ~16 million acres of e don
forest/wildland S0 e
INitial areas
e High cost, with externality [ Priority firesides
beneﬁts NFS lands

Four Forest

Restoration
%OAKIIL{]{DGE Initiative




2-Progress&Outcomes

BT23, Macroalgae
U CI \g/ ﬁfbl_j‘ﬁ‘

University of California, Irvine  Pacific Northwest

NATIONAL LABORATORY

Biomass Model

Preliminary
Findings

e 3.9Gt/yr
potential in all

MacroAlgae Cultivation MODeling System

$/tonne

Screening tool

B 250 - 880 screened US
B 880 -1120 EEZ (regardless
OceanReports W 1120 - 1340 f (reg
A BOEM/NOAA PARTNERSHIP 1340 - 1550 O COSt)
1 1550 - 1860 e 3.3Gt/yr
MarineCadastre.gov S 1860 - 2320 potential <
Il 2330 - 3000
$3k/tonne cost
e 3.01 million
km?2
%OAK RIDGE
National Laboratory




2-Progress&Outcomes

BT23 Communication and Stakeholder Input

« Workshop series:  Feedback:
— National labs (Feb-Mar 2022) - Advanced Biofuels Association (Feb 2023)
— USDA (Dec-Nov 2022) — Industry group: Advanced Bioeconomy
_ EPA (Dec-Feb 2023) Leadership Conference (Mar 2023)

Proposed BT23 Data Dashboard

e« Communication plan

— For Broad audience:
Interactive BT report
landing page (EERE)

— For Researchers: BT
data dashboard

( KD F ) BIOENERGY
KNOWLEDGE DISCOVERY
FRAMEWORK

U.S. DEPARTMENT OF ENERGY




2-Progress&Outcomes

Progress and Outcomes for Best Use of Biomass (BUoB)

%OAK RIDGE
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2-Progress&Outcomes

Insights into understanding the number of biorefineries needed

« Compare simple analysis of number of facilities needed to utilize all biomass to BILT model
— Spatially-agnostic analysis

« BILT model analysis: Facility location with spatially resolved feedstock and spacing constraints
— Single 2,200 dry tons (2,000 tonnes) /day facilities [2.2K Plant - model biorefinery]

— Multiple smaller facilities co-located (no economy of scale) [Stacking]
— Larger facilities leveraging economies of scale for CAPEX/OPEX [Large biorefineries] Not Presented Today

Spatially-agnostic analysis BILT Model — 2.2K Plant, 50 mile BILT Model — 5x stacked 2.2K Plant

1]

= il

« BT16: ~880M tons biomass per year

» Model facility is 2,200 dry tons/day,
i.e.: ~0.8M tons per year

+ ~1,100 2,200 dry tons/day e 469 unique 2,200 dry tons/day

facilities needed to consume the facilities possible with 50-mile ?azcl:’,i"stti:gl.(ed 5x 2,200 dry tons/day

spacing constraints

BT16 potential biomass supply « ~358 million dry tons used >40%

~850 million dry tons used > 90%

Where to site 1,100 model biorefineries?

%OAK RIDGE

National Laboratory




2-Progress&Outcomes

Results: Insights into where feedstocks pulled from, where least expensive and
least travel distance: FT-Gasification example

» Cheapest resources used first Example details: FT- Gasification
«  Will be competition for some biomass resources With stacking, 90% of Biomass Case
« Can exceed conventional rule-of-thumb '

distances when objective is carbon abatement

Corn stover W Ag Residues-Others ® Small Diam Hardwood
@ Small Diam Softwood O Logging residue B Woody Crops
Miscanthus E Switchgrass E Herbaceous-Others
500
450
-c ~—
@2 400
=2 350
- _g 300
a < 250
22 200
© ~ 100 /— /
|
o 3 35 o 3 35 o 4 o 3 3 o 4
g a § g a § g @ g a § g @ . Ag Residues Woody Biomass
w F 9 w F 9 o F w F 9 o F
< g T < 8 T < 3B < 8 T < 3 Incl. Corn Stover .SmaIIDiam Hardwood
(@] O O (@] (@]
= = = = = .
Herbaceous Small Diam Softwood
25% 50% 75% 90% 100% Incl. Miscanthus & ) _
Feedstock type at percentage of maximum CO, abated Switchgrass Logging residue
OAK RIDGE Woody Crops
%Naﬁonal Laboratory . y P




2-Progress&Outcomes

CAC Comparisons for Selected Pathways as a Function of
Biomass Utilized

$$$
$350 g >1 Gt CO, abatement in ~.__ Labels show max. CO,
all pathways abated (million tons)
Biofuel Ref Fuel
$300 , 1,197 MT CO
5 Q & ® Fermentatién
% $250 Ref Fuel Biofuel Fermentation CAC starts
Re) low, increases with
© woody resources
AN
8 $200 CACs start less than @
s $100/tonne CO, 1,189 MT CO,
c AT
c $150 // J
8
&T’; V : 1,092, MT CO
o $100 "Gas-FT [ -
< /
&)
1,125, MT CO
$50 Pyrolysis ’
$0 ~——
250 500 750 1,000
Million dry tons biomass utilized
—e—Gasification-FT 5 x 2,200 tons plants —e—Fermentation
——ATJ 5x 2,200 tons plants —e—Pyrolysis 5 x 2,200 tons plants
%OAK RIDGE
National Laboratory

CAC ($/tonne CO2)

CAC for Gasification-FT
by Feedstock from Literature

1000

Gas-FT Woody

800
600 Woody
Woody Woody
400
Ag Res
200
0

-200

A
8

-600

800 o EC

-1000

CAC calculated from reported LCA/
TEA data show wide range

Few studies conduct LCA and TEA
simultaneously

Drives variability of BILT results
Sensitivity analysis underway



3-Impact ]
Impact — National Relevance
« Resource is Foundational to Bioeconomy

— Referenced in national policy documents
e DOE SAF Grand Challenge Roadmap Roadmap
« U.S. National Blueprint for Transportation Decarbonization Flight Plan for Sustainable Aviation Fuel
« DOE Carbon-Negative Earthshot <, &
— Referenced in BETO program documents
« BETO State of Technology Reports

SAF Grand Challenge

+ BETO Multi-Year Plan )
— >4,000 citations of BT reports — peer-reviewed consioo |
publications

— >10k KDF landing page visits and data downloads
— Supports State and Regional Analyses

 Best Use of Biomass S i

R&D State of Technology
— Implications for national decarbonization strategies with s
~1 billion tons biomass/year

- ivw L



https://www.energy.gov/sites/default/files/2022-09/beto-saf-gc-roadmap-report-sept-2022.pdf
https://www.energy.gov/eere/us-national-blueprint-transportation-decarbonization-joint-strategy-transform-transportation
https://www.energy.gov/fecm/carbon-negative-shot
https://www.energy.gov/eere/bioenergy/articles/beto-2020-rd-state-technology
https://www.energy.gov/eere/bioenergy/articles/beto-releases-2016-update-multi-year-program-plan

Summary

Summary:

e Overview: Building on previous biomass supply
analysis to provide robust feedstock supply
information. End-use agnostic in BT, end-use explicit
in BUOB.

» Approach: Using economic and logistics simulation
models and data visualization.

* Progress and outcomes: BT23 and BUoB targeting
publication in 2023.

* Impact: Provides data for national reports, federal
programs, BETO SOTs, MYP targets, data requests
for other FT and DMA projects. Thousands of

citations and KDF data downloads.
%gtAKRIDGE

ional Laboratory

2023 (BT23)

rbon Avoidance Cost



Quad Chart Overview

Timeline

»  Project start date: 10/1/2020
* Project end date: 9/30/2023

FY2.2 Total Award
Funding
DOE $900k $3,182k

Funding

TRL at Project Start: N/A (Strategic Analysis)
TRL at Project End: N/A (Strategic Analysis)

%OAK RIDGE

National Laboratory

Project Goal
*  Provide objective feedstock supply & cost data to other projects and platforms.
«  Assess optimal biomass allocation across pathways.

End of Project Milestone

*  Provide BETO and bioeconomy stakeholders with scenario-specific biomass
feedstock quantity and cost information.

»  Publish peer-reviewed manuscripts quantifying optimal uses of biomass for
decarbonization.

Funding Mechanism
Annual Operating Plan

Project Partners

* INL — Feedstock logistics, quality attributes

* NREL - Microalgae, wastes, CO,

* ANL — GHG emissions

« ARPA-E and PNNL — Macroalgae

» USDA - Agricultural residues, Oilseed crops, Biomass crops
« USFS - Western forest fuel reduction

« OSU, NCSU, UTK — Forest biomass



Additional slides

Additional Slides
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Additional slides
Carbon accounting - Best Use of Biomass

? Emissions Emissions

Growing Harvesting Transporting Conversion

Net benefit:
+ soll storage

Avoided
Sequester Conven-
tional

+ sequestration
+ avoided conventional
carbon

Sequester

#(OAK RIDGE

National Laboratory




Additional slides

Wide variation in LCA and TEA studies impact CAC calculations
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Additional slides
Responses to Previous Reviewers’ Comments

e Mitigate resource supply and cost data uncertainty with field
confirmation — We agree with this comment and 1) will build
new field data based on the 2022 Cropland Data Layer, and 2)
will include crop yields modeled in the SunGrant Regional
Feedstock Partnership.

 Include simulations of Best Management Practices — We agree
that BMPs are important and will include a binding analysis of
sustainability constraints.

e Consider competition for biomass resources among new end
uses — We will incorporate new uses in the Best Use of
Biomass analysis framework.

 FY22 Go/No-go: Revised extended agricultural baseline is
iIncluded in the agricultural modeling.

%NOAK RIDGE

ional Laboratory




Additional slides
Select Recent Publications and Presentations

» Setting the Scene — The Impact of FOGs as a Near-Term Feedstock for Biodiesel, Renewable Diesel,
and Sustainable Aviation Fuels — Currently Used and Future Potential, IEA Workshop: Avoiding a Supply
Chain Crunch for Liquid Biofuels, March 7t 2023, Washington, DC.

« Tri-State Regional SAF Workshop (NY, NJ & CT), New York, New Jersey, Connecticut: Tri-State Region
Sustainable Aviation Fuel (SAF) Workshop, Feb 23, 2023, New York, NY.

 AFuel and Feedstock View from the Present into the Future, Advanced Biofuels Leadership Association,
March 5t 2023.

* A Fuel and Feedstock View from the Present into the Future, SAE International Government/Industry
Meeting, Jan 17t 2023, Washington DC.

 US DOE’s Bioenergy Technologies Office’s Resource Assessment for Sustainable Biomass for use as a

fuel feedstock in the contiguous US:
DOE Billion-ton Reports (2005, 2011, 2016, 2023), Virtual Roundtable | Sustainable Biomass Availability
Estimates, Dec 7th 2022.

« How best to allocate US biomass resources for least-cost decarbonization, ASABE Annual International
Meeting 2022, July 18t 2022, Houston, TX.

« SRWC Eucalypts for Carbon Sequestration and Biochar Production in Florida, USA, 2022 Short Rotation
Woody Crops International Conference, May 2™ 2022, Asheville, NC.

« Sustainable US Biomass Potentials, Bioenergy with Carbon Capture & Storage, March 16t 2022, Virtual.

%OAK RIDGE

National Laboratory




