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A BILLION DRY TONS OF

SUSTAINABLE BIOMASS

HAS THE POTENTIAL TO PRODUCE

gallons of biofuels

kWh of electricity  displacing almost 4

to power of biobased
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products, replacing
and keeps about households. Plus of all transportation a significant portion
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in the U.S. of thermal energy. market. reductions

(direct contribution ° every year.
and inflation adjusted) 9
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4 Create markets and delivery systems
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\ * Includes 27 billion kWh and 90 TBtu
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B B Overview

BIOMASS RESEARCH & DEVELOPMENT BOARD

The analysis was conducted under the U.S. Department of Energy and U.S.
Department of Agriculture Biomass Research and Development Board by the
Interagency Working Group (IWG).

Zia Haqg (DOE) and Harry Baumes (USDA) — IWG co-chairs

The Biomass R&D Board and the Bioeconomy Vision

The Billion-Ton Bioeconomy Analysis and the Billion-Ton Report
Methodology and Analysis Tools

Biomass Availability and Product Distribution

Sensitivity Analyses and High Level Findings
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Summary

Disclaimer: The views and opinions as summarized in this document, do not necessarily reflect those of the United States
government or any agency thereof, nor does the government or its employees make any warranty, expressed or implied, or
assume any liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represent that its use would not infringe privately owned rights.
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BIOMASSRESEARCH&DEVELOPMENTBOARD B i OeCO n O my Vi S i O n

The Biomass R&D Board
« Created through the enactment of the Biomass Research and Development Act of 2000

« The Board facilitates coordination among federal government agencies that affect the
research, development, and deployment of biofuels and bioproducts

For the Bioeconomy Analysis, the “Bioeconomy” is a global industrial transition
of sustainably utilizing renewable aquatic and terrestrial biomass resources in
energy, intermediate, and final products for economic, environmental, social, and
national security benefits.

From 2014 Report: Why Biobased? Opportunities in the Emerging Bioeconomy: Why BioPreferred,
biopreferred.gov/files/WhyBiobased.pdf



http://www.biopreferred.gov/files/WhyBiobased.pdf
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The Billion-Ton Bioeconomy

Billion-Ton i
Reports

2005
e 2011

« 2016
Resource Assessments — biophysical,

economic, and sustainable availability
of biomass resources under given
assumptions and modeling capabilities

How much
biomass?

AnaIyS|s and the Billion-Ton Report
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BIOCNMY
ISION

Bioeconomy — expanded
economy/market sector of various
products under estimated feedstocks
levels and given scenarios

What can we
do with 1t?

Assume that demands for food, feed, industrial uses, and exports continue to be met.




The Billion-Ton Bioeconomy Analysis
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BIOMASS RESEARCH & DEVELOPMENT BOARD an d t h e B i | | i O n -TO n Re p O rt
The Billion-Ton report has a lot of variables to account
for!
Feedstock Types Biophysical Economic Availability
Availability
* Agricultural residues « Productivity and growth  Roadside and farmgate
scenarios cost supply curves
* Forest resources
. Eneray crons * Forest resource « Logistics and
gy crop demand scenarios transportation cost
» Waste resources impacts

 Land allocation and
* Algae water consumption
constraints

The Billion-Ton Bioeconomy analysis constrains these variables:

Using specific assumptions based on BT16 to establish a range of possible products and
economic and environmental impacts.

This is a demonstrative analysis — not predictive or a roadmap.



Methodology and Analysis Tools

The Bioeconomy Analyses are based on:

RFS actual production volumes

2016 Billion Ton Report

EIA Annual Energy Outlook 2015

EIA Monthly Energy Review 2015

EIA Electric Power Annual 2015

2015 Livestock Anaerobic Digestion Database (AgSTAR)
EIA U.S. Refinery Production Report

Economic Impact Analysis of the U.S. Biobased Products
Industry, Congressional Report, 2015

IEA Bioenergy Task 42

Landfill Methane Outreach Project (LMOP)

United Nations Food and Agricultural Organization
Other

Supporting Models and Tools Include:

A dynamic Excel® spreadsheet to complete
calculations and maintain the data

Air emissions, Greenhouse gas emissions,

and Energy consumption (AGE)
developed by Argonne National Laboratory based on the
GREET model

Policy Analysis Framework (POLYSYS) utilized
by Oak Ridge National Laboratory to generate biomass
supply curves

Biomass Logistics Model

Feedstock logistics and pre-processing costs were
provided by Idaho National Laboratory’s model (INL,
2014).

ForSEAM

Comprehensive economic characterization of the US
forest sector and is calibrated to the US Forest Service
Resource Planning Act 2010 assessment [US Forest
Service, 2012].
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Biofpr Manuscript submitted to Biofuels, Bioproducts, and Biorefining
—— and is currently undergoing peer review
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An expanded analysis considers scenarios impacted by:

Feedstock Availability Product Distribution
« Current (2014) « Chemicals
* Projected (2030) * Fuels
1. Business-as-Usual Availability * Wood Pellets
Primary feedstocks from BT16 baseline
yield, $40/dry ton (w/out transportation or « Heat & Power

logistics costs)

2. Billion-Ton Availability
Primary feedstocks from BT16 baseline
yield, $60/dry ton (w/out transportation or
logistics costs)

Sensitivity analyses are used to
explore a range of, “What ifs?”




B2l )BB Feedstock Availability Comparisons
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Biomass Utilization (MM dry tons)
50 100 150 200 250 300 350

Feedstock Category ~
Comn Grain 125.2 Feedstock Availability
Vegetable Oils 5.8
© 144 current ° CU rrent (2014)
2 Other Fats, Oils, and Greases | 1.9 214 BAU .
3 270 518 — 365 MM dry tons utilized
‘= Feed for Gas Blendstock/ Naphtha | 0.2 .
< e 2030 Business-as-Usual
Agricultural Resid . .
gricuitural Residues B 149.1 — 544 MM dry tons utilized
Manure B 37.5 — Primary feedstocks from BT16,
Wood/Wood Waste 146.2 $4O/d ry ton (W/OUt
transportation or logistics costs)
- Mill Residues | 4.0 . .
8 e 2030 Billion Ton potential
= Logging Residues | | 15.6 154 current .
= 222 BAU — 1027 MM dry tons utilized
4 Urban Wood Waste H 36.0 298 BTB — Primary feedstocks from BT16,
(o]
o Wood Pellets |1 15.3 $60/dry ton (w/out
transportation or logistics costs)
New Forest Resources B s1.1
> v Herbaceous Energy Crops | IS 1395 O current Stat:'ked' !oars represent add-ltlonal biomass
s e 13 BAU availability for each scenario
S O Woody Energy Crops | 49.7 239 BTB
© Biogenic Partion of MSW I 303
g b 68 current
<@ Other Waste Biomass | | 18.5 84 BAU
% = 98 BTB
S Landfill Gas I 49.1
Algae | B 22.0 O current, 11 BAU, 22 BTB

Total: 365 current, 544 BAU, 1027 BTB 2014 2030 BAU = 2030BTB



BRDRB Presenting the Bioeconomy as a
BIOMASSRESEARCH&DEVELOPM!;NTBOARD Rang e Of POSSibility

Potential Product Outputs 1or the 2050 base Case Proauct

Allocation Inherent Energy Value of Bio-based Output

TBtu
- 500 1,000 1,500 2,000 2,500 3,000

Ethanol | ] 13.0BGGE
Gasoline Blendstock/ Naphthas | & 13.8BGGE
) ] ] explore a range of
Diesel/ Heating Oil | P 10.0B GGE possible outcomes for
. the future bioeconomy.
Biogas, CNG, and LNG | 50.2 M GGE
Electricity |}l 85 B-kWh
Allocation: 2030 Base Case
Thermal Energy | ] 1045 TBtu Availability: Range from 2030
Business-as-Usual to 2030 Billion Ton

Bio-Based Chemicals

Wood Pellets

| 17.4 billion Ibs

| 1 31 billion Ibs

Current (2014)

m 2030 Potential

Note: 2030 Potential ranges from the “Business-as-Usual” availability to the “Billion Ton”

potential.
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B D B Sensitivity Analyses and High Level Findings

BIOMASS RESEARCH & DEVELOPMENT BOARD

Sensitivity Analyses High Level Findings
4
Revenue o The bioeconomy presents significant
opportunities for biomass to make positive
economic and environmental contributions to
‘. ] .
Direct ) .,l the United States
Employment Il n
Success is contingent upon developing
_ feedstock supplies, lowering production costs,
Avoided GHG and enhancing the value of bioeconomy
emissions oroducts
Land allocation 777 . Aviation fuels and bio-based chemicals

present unigue commercialization
opportunities

Blue water \ )
consumption ¢



B B Summary
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« This is a demonstrative analysis — not a prediction or a roadmap

« Biomass resources and bio-based energy, fuels, and products will play
an important role in the transition to a sustainable low-carbon economy

« We are working to complete the BioFPR peer review process for the
Billion-Ton Bioeconomy Analysis manuscript

«  We will continue to support Biomass R&D Board and Interagency
Working Group efforts to expand the bioeconomy
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Contributors

Leads

- Jonathan Rogers — Energetics

- Bryce Stokes — AST

- May Wu — Argonne

- Hao Cai — Argonne

— Jennifer Dunn — Argonne

- ZiaHaq-BETO

- Harry Baumes — USDA
Alicia Lindauer — BETO
Alison Goss Eng — BETO
Amy Schwab — NREL
Andre Coleman — PNNL
Anthony Turnhollow, Jr. — ORNL
Ashley Rose — BCS, Incorporated
Christopher Michael Clark — EPA
Daniel Fishman — BETO
Donna Perla — EPA
Erin Searcy — INL

John Lewis — NREL

Jonathan Male — BETO

Kara Cafferty — CH2M

Kristen Johnson — BETO

Kristin Lewis — Transportation
Laurence Eaton — ORNL
Maggie Davis — ORNL

Marilyn Buford — USDA FS R&D
Mark Elless — BETO

Matthew Langholtz — ORNL
Michael Talmadge — NREL
Rebecca Efroymson — ORNL
Ron Sands — USDA

Sarah Ohrel — EPA

Shawn Johnson — Transportation
Stephen Costa — Transportation
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THANK YOU



