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Outline

* Overview of report
— Motivation for a third assessment
— What is new from 2005 and 2011 assessments
— High level results

* Implications for aviation biofuels
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Biomass is largest source of domestic
renewable energy

Figure 2.2 | Primary renewable energy consumption by source and total consumption (1985-2014)
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How biomass is currently used

Corn: 119.5

Vegetable oils: 5.5 Fuel: 35%
Fats, oils, greases: 1.9
Landfill gas: 1.2

Wood/wood waste: 85.3 I
Industrial; 26%
Waste biomass: 7.8 -} ’

1 million
“bioenergy Landfill gas: 31.9
equiva|ent” dry ton Wood/wood waste: 16.0

Biogenic municipal solid waste: 15.0

per day (201 4) Waste biomass: 2.9

Wood/wood waste: 44.8 Ijize;jdential:
Animal manure: 10.5 -—|__

Landfill gas: 3.8 Ill—_ e
Wood/wood waste: 7.6 [Ili—— Wood pellets: 2%
Corn: 5.6 I — Chemicals: 2%
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Motivation o

The Technical Feasibility of a
Billion-Ton Annual Supply

* Enormous U.S. domestic biomass potential

— 2005 and 2011 reports identified > 1 billion ton annual 2005 BTS
supply

« Understanding and quantifying biomass supply ==
fosters commercialization to increase »
— Energy security,
— Energy independence, and
— Environmental stewardship

ENERGY

 Sustainable production is critical to long-term
viability of technology for clean energy

2016 BT16
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Similar potential as 2011
BT2

BT16, Base Case BT2, Baseline
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Why a third assessment?

» Update to latest
available economic and
agricultural baseline

* Expand to new
feedstocks

- Examine availability of ————
del ive red feed StOCkS Pump (2014) documentary screenshot
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Preamble

 Potential new feedstocks exclude policy and end
use

* Prioritizes food, forage, feed, fiber, and export to
ensure social sustainability

» Economic supply curve approach

* Underlying conservative assumptions with
environmental sustainability considerations

 Two volumes: resource assessment and
environmental sustainability effects of select
scenarios

» Multi-lab/agency effort
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What’s new in the third assessment?

» Expanded currently used analysis (previous
slide)

* Assessment by feedstocks, expansion of energy
crop supply and addition of algal feedstocks

* Delivered supply analysis

* Volume 2 to focus on sustainability effects of
specified scenarios from Volume 1
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Major terrestrial biomass sources, 2040

Rice hulls
Sorghum stubble Other forest thinnings

I I Cott id .
PlasticsWillow o e’ Biomass sorghum

: Sugarcane bagasse
e Other forest residue ™ ’
Cotton gin trash

TextilesSOﬂW00d1 P&!ﬁﬂfﬁd M i S Ca n t h u S

Paper and paperboardmsw wood

Rubber and leather

PO p I ar S I t h === [iary manure
EucalyptusMixed wood W I C g ra S SH O'g manureBarley straw

Rice straw
Citrus residues

Hardwood, upland

Hardwood, lowland CO rn Stove r

Wheat straw C&D waste *"™"*"Softwood. natural

Sugarcane trash
Secondary mill residue Noncitrus residues
Yard trimmings Tree nut residues

Base case scenario, 2040, $60 per dry ton or less
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Microalgae resources analysis

Co-location near CO2 facilities — =

Freshwater and saline culture

Open ponds/raceways

* Lined and unlined ponds

* Present and future productivities
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Schematic of biomass

Example
operations:

Format:

Grower payment,
stumpage price,
procurement price

m

Site preparation, planting,
cultivation, maintenance,
profit to landowner

In the field or forest,

dispersed

supply chain

Farmgate price,
roadside price

Cut and bale, rake and bale;
fell, forward, and chip into van

Baled or chipped into van

roadside

Delivered Cost

Delivery and
Preprocessing

Load, tran rt, unload
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Grand Map

Figure ES.4 | Combined potential supplies from forestry, wastes, and agricultural resources, base case, 2040
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http://bioenergykdf.net/billionton
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cu rrent and Energy crops 2017 2040
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Energy crops, High yield 2017 2040
Current and il ary ons
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Delivered Scenario Analysis

Cost {S/ton)
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2040 Delivered Analysis, Base case

Corn stover: 154.0

Switchgrass: 161.0

Miscanthus: 160.0

[ Logging residues: 21.0

Whole-tree biomass: 61.0

Poplars: 45.0

Pl Biomass sorghum: 19.0
Yard trimmings: 3.0

Willows: 26.0

Urban wood waste—C&D: 22.8
Urban wood waste—MSW-: 6.3

Delivered analysis, herbaceous: 497.0

Delivered analysis, woody: 182.1

Delivered at <$84/dry ton: 250.0

Delivered $84-100/dry ton: 215.0

Unused resources™: 214.0
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What are the BT16’s implications for
advanced jet fuels? (1 of 2)

Key Assumptions

- Policy Implementation/Impacts
- Regulatory Limits
- Investor Response

- Regional Competition with other Energy Sources

- Projected Technology Costs

Economic - Projected Fuel Costs

- System/Topographic Constraints
Technical - Land-use Constraints
- System Performance

- Physical Constraints
Resource - Theoretical Physical Potential
- Energy Content of Resource

| Potential |

Adapted from Batidzirai, Smeets, and Faaij (2012), DOE-EERE (2006), and NREL

(2011).
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What are the BT16’s implications for
advanced jet fuels? (2 of 2)

* Not a “one-size-fits-all” resource assessment

— Broad potential may not represent strategic potential
for single pathway

* Acreage and supply as proxy for jet fuels crops
— Annual energy crops
— Perennial woody and herbaceous crops

* More analysis needed to assess adoption of new
cropping models (oilseeds, double cropping, etc)

* Market effects may vary for feedstocks with
existing uses

# OAK RIDGE NATIONAL LABORATORY
MANAGED BY UT-BATTELLE FOR THE U.S. DEPARTMENT OF ENERGY




Interactive Resources @
http://bioenergykdf.net/billionton
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Thank you!

Laurence Eaton
Research Economist
eatonim@ornl.qov
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