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A Second Look — John’s Plenary Talk

 DOE (BETO, SC, ARPA-e), other agencies, and partners are
working to:

— Understand and enhance the availability and accessibility of biomass
feedstocks

— Develop technologies and systems to reduce cost of feedstocks and
overall final product cost

— Improve quality of feedstocks at the biorefinery

* Energy crop yield is important for commercialization and
important to BETO although production is not program’s
primary focus.

e Sustainability is very important.

* New, integrated approaches, especially in feedstock supply
and logistics with production and conversion, are being
developed with partners.
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Billion Ton Update

 Originally published in 2005 with about billion
dry tons annually. Includes agriculture and
forestry

« Update in 2011 has ~half to ~1.5 billion dry
tons.

 Includes economics, sustainability, LUC, time,
scenarios, etc.
 Focus

v County-by-county feedstock availability by
cost, type, year, scenario

v Models yield and yield increases for ag ‘o “‘*t* i
residues and energy crops :
 Additional efforts underway
« Transportation and storage costs
» Effects of quality and blended feedstocks
* Improved economics data
« Better regional yield data

ENERGY
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Why a Billion Tons?

A new bioeconomy from a billion tons will

Provide about 68 billion gallons of biofuels or 980
billion kWh per year

Displace almost 50% of annual gasoline consumption
or about 30% of petroleum consumption

Provide electricity for 87 million households
Almost twice the current RFS levels of biofuels
CO2 reductions of about 600 million tons

About 2 million jobs and about $100 billion economic
output by 2022
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Feedstock Availability and Costs (or vice versa)
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Perennial Grasses — Production Costs and Productivity

Lake Southern Northern
States Plains Plains

Appalachia

Stand life Years 10 10 10 10 10 10 10 10

Productivity dry tonsfacre  4.0-75 585 3585 - 4 355 2-65 265

Plan‘clng |b./acre b 5 5 5 ] 5 5 b

...Heplamd o 25 25 p 25 25 25 25 25 25

Total kill No.

- T 1-time 1-time 1-time 1-time 1-time 1-time 1-time 1-time
herbicide applications

Pre-emergent No. 1-time 1-time 1-time 1-time 1-time 1-time 1-time 1-time

herbicide applications
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Potasiom bk B 80 8 W 8 W

Phosphorous

Lime tons/acre 1 2 2 2 1 1 0 0

Total
establishment $/acre $210 $340 $330 $330 5200 $200 $220 $150
cosls

Malmenance vears

PrEfmergent No_
Rt Sl S

Nitrogen Ihsfacre 60 70 70 50

Ihs P205,’
acre

Phosphorous 0 0 80 0 80 0 0 0

Potassium 'bs Kzof{ac“’:._._._._ 0 0 .80 .0 80 R T

$1950- S$1850-  $18.00- $1860—  S$1920-  $2060-  $19.20-  $19.40-
§21.00 §19.90 $20.20 $20.60 520.60 $21.90 $22.10 $22.30

Harvest costs S/dry ton
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* Herbaceous crop productivity

— Varies geographically
— Baseline yields (dry
tons/acre)
* 2014-3.0-9.9
* 2030-3.6-12.0

— Database available
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Woody Crops — Production Costs and Productivity
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*  Woody crop productivity
— Varies geographically
— Baseline yields (dry
tons/acre)
e 2014-3.5-6.0
e 2030-4.2-7.2
— Database available
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Land Use

Includes CRP land, ~
30 million acres

Tabde 1

Agricultural and nonagriculiural uses of U.S. land, 2007 .
— E— Major Classes
Land use 4E_5ia_tfmm . pﬁed States 48 States Pm:niled States o cro p I an d
Agricultural:
Cropland— 1 * Grassland
Cropland used for crops
ldle cropland
e copens Pasture and

Cropland used only for pastura
Grassland pasture and range
Forestland grazed

Special uses—
Farmsteads, farm roads

Range
* Forest-Use Land
» Urban and

Total agricuttural land?

Nonagricultural: ;
Forest-use land not grazed® 237 24.0 i  Rural
Special uses— |'
Transportation® a6 27 1.4 1.2 |
Recreation and wildlife argas® ‘L‘IEI ,}‘s 252 58 X I
Mational defense aroas® 1 = K] 1.0 H
irban land (e0 ) Bl ~a 22 27 :
Miscellaneous other land? 64 197 ~~~~~3.E a7 ||
~
Total nonagricultural land® 734 1,103 EE.§“~~~~ 487 ll
Total land area? 1.804 2 264 100.0 Nﬁm /""\ Total Forest

o "X <80 """ Land
USDA ERS 2011. http://www.ers.usda.gov/Publications/EIB89/EIB89.pdf ‘e . _~* an
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Land Use Change for Energy Crops

Total land use change ($60/dry ton) is 63 million acres under the baseline
scenario and 79 million acres under the high-yield scenario (4% annual
growth in energy crop yield) by 2030
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Energy Crops Across the U.S.

OANL 2009-G01231/dac

Hybrid Poplars
Switchgrass Sorghum
Switchgrass Hybrid Poplars
Switchgrass
Willows

Hybrid Poplars
Miscanthus
Pine

Sorghum
Sweetgum
Switchgrass

Hybrid Poplars

Miscanthus Energy Cane
Sorghum E_uca!yptus
Switchgrass Pine
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Marginal Lands — Opportunities for Symbionts

Definition: Land having limitations which in aggregate are severe for
sustained application of a given use (FAQO, 1997). Increased inputs to
maintain productivity or benefits will be only marginally justified. With
inappropriate management, risks of irreversible degradation.

Biophysical Constraints: Soil constraints (low fertility, poor drainage,
shallowness, salinity), steepness of terrain, unfavorable climatic

conditions (FAO, 1997).

Opportunities: Endosymbionts capable of conferring tolerance towards
drought, salinity, and high temperatures to host plant, thereby increasing
biomass yields, particularly in marginal lands.

_ Causes /
<
“':\\ Cropsgrownin |/

Soil washed away by
rain and blown away by wind

ENERGY

=140L"

AL L i

[@ rheeffects of growing crops on marginal land X o
A YA

Renewable Energy
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Understanding and Overcoming Limiting Factors

Example: Sustainable Residue Removal
Challenges

--------l----*"

R Uniform-Format

Limitin Feedstock
Facto rg Reliable, Sustainable,
Consistent, and High
- Soil organic Conversion Value
Economics carbon
T - Soil erosion
M"T'mum O iy « Management of
Viable T + Contract plant nutrients
o establishment
Yield e and delivery + Soil water and
© \ Deilv temperature Agronomic
(=] feedstock dynamics Strateglas
- cost targets * Soil - Integrated
o compaction
= + Feedstock cropping
quality » Environmental | systems
* Harvesting degradation + Landscape
strategies discretization
- Selective | | + Ecosystem
harvest services
valuation
- Single pass

Development of Agricultural Residues for Bioenergy Feedstock

0B-GAS0259-52

Initial Resource Economic Environmental Implementation
Assessment Analysis Impact Analysis of Tools and
Strategies
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Using an Integrated Approach

Final Product Cost Can be Managed by
Managing Components in Biomass
Supply Chain Holistically

Materials flows (solid, liquids, and gases); Quantities and Characteristics

Functions, Feedstock Feedstock Specified D elfvery,
Processes, Production & o Feedstock [  elilaily Distribution
and Management Logistics and use

Activities

< Feedback Loops >
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Extra Slides

The End
Thank You!
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Herbaceous Energy Crops Yields

Table 2-1. Currently achievable HEC yields agreed upon by participants (dry tons per acre) for each land
resource zone shown in Figure 2-1.

Mixed

Switchgrass Miscanthus Sorghum Grasses I-Znerg_\'cane-l Sorghum
Region 1 5-10 2-16 6-12 0.5-5 0-12 6-12
Region 2 5-12 4-16 8-14 5-12 10-14 8-14
Region 3 3-8 4-16 9-13 3-8 0 9-13
Region 4 2-6 2-12 0-8 2-6 0 08
Region 5 2-6 1-5 0-6 2-6 0 0—6
Region 6 3-13 2-15 89 3-13 7-8 89
Region 7 10-16 (coast 10-16)

b ‘
() ENERGY | mnosimos

INUEXT-10-18030

| Executive Summary
High-Yield Scenario
Workshop Series Report

| December 2009

Forda

https: inl.bovlportalls er.pt/community/bioenergy/4
21/high_yield_scenario/8985 Eﬁ‘E"‘REEY Energy Efficiency &
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Energy Crop Yield Growth

Crop Yield Baseline 1% annual growth High-yield 2%—-4% annual growth
Dry tons/acre/year Dry tons/acre/year
2 2.1 2.2 2.4 22-24 | 24-3.0 | 29-4.1
Low end of 3 3.2 3.3 3.6 33-36 | 3.7-44 | 43-6.1
yield range 4 4.2 4.4 4.8 44-49 | 49-59 | 57-8.1
5 5.3 5.5 6.0 5.5-6.1 6.1-74 | 7.1-10.1
6 6.3 6.6 7.2 6.6-73 | 7.3—-89 | 86-12.2
10.0 —
Middle of 7 7.4 7.7 8.4 7.7-85 | 85-104 14.2
yield range 8 8.4 8.8 9.6 88-97 | 9.8-11.8 |11.4-16.2
9 9.5 9.9 10.8 99-10.9 |11.0-13.3 112é92_
12.2 — 14.3 —
High end 10 10.5 11.0 12.0 11.0-12.2 14.8 203
of yield ' :
12.1 - 13.4 — 15.7 —
range 11 11.6 12.2 13.2 13.4 16.3 293
13.2 - 14.6 —
12 12.6 13.3 14.4 14.6 178 17.1-24.3

Notes: The yields shown for 2017-2030 for the baseline and high-yield scenarios reflect the standing yield of the energy
crop before losses. It is the yield for the energy crop planted in that particular year. For example, if the 2009-2012 yield
for a particular crop is 5 dry tons per acre, the yield for that crop would be 5.5 dry tons per acre if planted in 2022 under. -
the baseline and 6.1 to 7.4 dry tons per acre under the high-yield scenario. E=nne=me savy | ENEMOY Efficicagy &
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Supply Curve Results

2012
Baseline

scenario
$60 dry ton-

201 x 106 dt

590
580 -
’g’ 570
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$10 - | —e—2022 High-yleld
s. !
1] 500 1000 1500

Millions dry tons per year
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Currently Available Biomass Resources

Includes all potential primary agricultural resources and primary and secondary forestry resources excluding Federal Lands (when available) at $80 per dry ton or less:
3 Agricultural Residues of Major Crops, Logging Residues, Simulated Forest Thinnings, Other Removal Residue,

Treatment Thinnings (other forestland), Conventional Pulpwood to Bioenergy, Woody Municipal Solid Waste, Unused Mill Residue
2012 County-level Estimates

Baseline Scenario

Dry Tons/Year
[T 0-1.000
1,001 - 25,000

[ | 25,001-50,000

I 50.001 - 150,000
[ 150,001 - 250,000
I 250,001 - 500,000

> %%%)KGE

500 Miles .~
- 500,001 - 10,000,000 T SR T e i [ LT B | National Laboratory
Source: U.S. Department of Energy. 2011. U.S. Billion-Ton Update: Biomass Supply for a Bioenergy and Bioproducts Industry.
R.D. Perlack and B J. Stokes (Leads), ORNL/TM-2011/224. Oak Ridge National Laboratory, Oak Ridge, TN. 227p. u.s. DEPARTMENT OF | Engrgy Efficiency &
Data Accessed from the Bicenergy K ige Discovery F viww.bioenergykdf.net. [December 4, 2012] ENERGY Renewable Energy
Author: Laurence Eaton (aatonim@oml.gov)- Decamber 4, 2012.
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Supply Curve Results

« 2022
* High-yield
scenario

« $60 dry ton-’
848 x 10° dt

EE‘:;: 42012 Baseline

b o

£ ey

Millions dry tons per year
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Potentially Available Biomass Resources

Includes all potential primary agricultural resources and primary and secondary forestry resources excluding Federal Lands (when available) at $80 per dry ton or less:
Agricultural Residues of Major Crops, Logging Residues, Simulated Forest Thinnings, Other Removal Residue,
Treatment Thinnings (other forestland), Conventional Pulpwood to Bioenergy, Woody Municipal Solid Waste, Unused Mill Residue

2022 County-level Estimates

High-Yield Scenario
Dry Tons/Year
] 0-1.000
1,001 - 25,000
[ | 25,001-50,000
I 50.001 - 150,000
[ 150,001 - 250,000
I 250,001 - 500,000

OAK
RIDGE

500 Miles . »

I 500,001 - 10,000,000 I T T T I T T | National Laboratory
Source: U.S. Department of Energy. 2011. U.S. Billion-Ton Update: Biomass Supply for a Bioenergy and Bioproducts Industry.
R.D. Perlack and B.J. Stokes (Leads), ORNL/TM-2011/224. Oak Ridge National Laboratory, Oak Ridge, TN. 227p. U.S. DEPARTMENT OF Energy Efficiency &

Data from the Bi gy Ki ige Di y F wiww.bioenergykdf.net. [December 4, 2012] EN ERGY

Author: Laurence Eaton (eatonim@oml gov)- Decamber 4, 2012. Renewable Energy
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