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« Advancing resources
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Why a third assessment?

You're watching

Pump

2014 PG 1h27m
After World War 11, consumer tastes and government policy steer
America into a fateful reliance on oil-fueled technology that must

and can be broken.
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« Update to latest
available economic
and agricultural
baseline

« Expand to new
feedstocks

« Examine
availability
of delivered
feedstocks

2016 BILLION-TON REPORT
Advancing Domestic Resources

BT16
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Biomass is our largest source
of domestic renewable energy

Primary renewable energy consumption by source and total consumption

8 Total
renewable
energy
6
Biomass
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H ow Biomass resources

biomass
IS Currently Corn grain: 125.2
used

Vegetable oils: 5.8

Other fats, oils, greases: 1.9
Gas blends/naphtha: 0.2
Agricultural residues: 0.0
Manure: 10.5

Landfill gas: 37.6

Biogenic MSW: 18.9

Other waste biomass: 11.5

Wood/wood waste: 153.8

Resource allocations
= Chemicals: 6.0

(5.4 million Ib)

Fuel: 128.4
(11.4 billion GGE)

Farm heat/power: 10.5
(3 B-kWh, 11 TBtu)

Electric sector: 65.8
(34 B-kWh, 17 TBtu)

Commercial sector: 8.4
(3 B-kWh, 6 TBtu)

Industrial sector: 94.0
(16 B-kWh, 564 TBtu)

Residential sector: 44.8
(349 TBtu)

—m Wood pellets: 7.6



Current and Potential, Base Case

Billions of Dry Tons per year

Long-term
potential

Currently Near-term
used

X

potential

1.6
1.4
1.2
1.0 M Currently used
0.8
0.6

0.4

Currently used resources in 2015 (million dry tons)

Forestry/wood 171
Corn grain 139
Municipal Solid Waste 30
Other 25
Total 365
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Biomass-to-Energy Facilities (2014)
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Current and Potential, Base Case at $60/dt

Billions of Dry Tons per year

2017 2020 2022 2025 2030 2035 2040

l : 6 Waste Resources 2017 2040 Waste Resources 2017 2040
(million dry tons) (million dry tons)
1.4 C&D waste 22.8 22.8 Secondary mill residue 4.1 4.1
g T Plastics 19.9 19.9 Sugarcane bagasse 3.6 3.8
(D =] Paper and paperboard 16.1 16.1 Yard trimmings 3.3 3.3
4CT‘D % 1 . 2 Hog manure 10.2 10.9 Noncitrus residues 2.5 2.7
= = Fats, oils, and greases 10.0 10.0 Other 2.6 2.6
3 8 [ Wastes Textiles 8.2 8.2 Cotton gin trash 1.7 2.1
1.0 [ | Currenﬂy used Milk cow manure 7.9 7.5 Tree nut residues 1.5 1.6
MSW wood 6.3 6.3 Citrus residues 1.5 1.6
Rice straw 4.9 5.6 Rice hulls 1.4 1.6
0.8 Cotton residue 3.7 4.9 Sugarcane trash 1.0 1.0
. Rubber and leather 4.4 4.4 Primary mill residue 0.5 0.5
g © Total 138 142
2E 06
5 2
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>
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Base-case scenario, $60 offered price, waste resources, year 2017

Dry
Tons

75M 20m B5M S0M 95M 100M  105M  110M 115M  120M 125M  130M 135M

oM 5M 10M 15M 20M 25M 30M a5M 40M 45M 50M 55M GOM 65M TOM

Dry tons/year
Less than 10 dt/SqMile

" 10-100 dt/SqMile 48 ) L
100-500 dt/SqMil

- e ¥ 0Kk RIDGE NATIONAL LABORATORY

[ 500-1000 dt/SqMile
MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF EMERGY
B Greater than 1,000 d/SqMile




Current and Potential, Base Case at $60/dt

Billions of Dl’y Tons per year Forestland Resources 2017 2040
1.6 (million dry tons)
Whole trees, hardwood 39.0 24.9
1.4 Whole trees, softwood 28.1 334
% © Other forest residue 12.2 13.0
EE 1 2 m Forestland resources Residues, hardwood 6.9 8.0
§ 8 B Wastes Res!dues, so_ftwood 6.8 10.0
10 M Currently used Residues, mlxec_iwood 4.2 2.7
Whole trees, mixedwood 2.8 2.4
Other forest thinnings 2.6 2.6
0.8 Total 103 97
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Base-case scenario, $60 offered price, forestry resources, year
2017

I o
Tons

oM 5M 10M 15M 20M 25M oM A5M 40M 45M 50M 55M G0M B5M TOM 75M 80M A5M SoM 95M  100M  105M  110M 115M 120M 125M 130M  135M 140M

' 4 B

Dry tons/year
Less than 10 dt/SgMile

I 10-100 dt/SqMile s, SR 2 ®
100-500 dt/SqMil

= aMile ¥ 0K RIDGE NATIONAL LABORATORY

[ 500-1000 dt/SqMile
MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF EMERGY
I Greater than 1,000 dt/SqMile




Current and Potential, Base Case at $60/dt

Billions of Dry Tons per year

1.6
o 14
o M Agricultural Residues
& @ 1.2 M Forestland resources
§ S W Wastes

1.0 [ Currently used
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Agricultural Residues 2017 2040
(million dry tons)
Corn stover 89.4 153.9
Wheat straw 13.0 20.9
Sorghum stubble 0.7 1.1
Barley straw 0.4 0.6
Oats straw <0.1 <0.1
Total 104 176

2035 2040
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Base-case scenario, $60 offered price, agricultural resources,
year 2017

Crop residues
Dry

Tons
oM 50M 100M 150M 200M 250M 300M 350M 400M 450M 500M 550M 600OM 650M TOOM T50M B00M B50M S00M G50M 1000M 1050M 1100M

Dry tons/year

Less than 10 dt/SgMile
10-100 dt/SqMile
100-500 dt/SqMile
500-1000 dt/SqMile
B Greater than 1,000 dt/SqMile
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Current and Potential, Base Case at $60/dt

Billions of Dry Tons per year
1.6

1.4
M Agricultural Residues

1 2 I Forestland resources
B Wastes
1.0 [ Currently used

Long-term
potential
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Current and Potential, Base Case at $60/dt

Billions of Dry Tons per year

2025

1.6
e _ 1.4 ™ Energy Crops
o M Agricultural Residues
& @ 1.2 M Forestland resources
§ = M Wastes

1.0 [ Currently used

0.8
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2030

2035

2040

Energy crops 2017 2040
(million dry tons)
Switchgrass 160.5
Miscanthus 160.0
Poplar 44.9
Willow 25.1
Biomass sorghum 19.3
Eucalyptus - 0.9
Energy cane - 0.3
Pine - 0.1
Total 411
TVENERGY | orovon oy




Base-case scenario, $60 offered price, energy crops, year 2022

Energy crops
qy Crop: Dy

Tons
oM 50M 100M 150M 200M 250M J00M 350M 400M 450M 500M 550M GOOM G50M T00M T50M B00OM B850M 900M 950M 1000M 1050M 1100M

Dry tons/year

Less than 10 dt/SgMile
10-100 dt/SqMile
100-500 dt/SqMile
500-1000 dt/SqMile
B Greater than 1,000 dt/SqMile
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Base-case scenario, $60 offered price, energy crops, year 2040

Energy crops
] o
ons
oM 50M 100M 150M 200M 250M 300M 350M 400M 450M 500M 550M G00M 650M TOOM T50M 800mM 850M 900Mm 950M 1000M 1050M 1100M
‘(_h x ‘_&d \ -
o
> '
( — . /
\‘%
|

Dry tons/year
Less than 10 dt/SgMile
" 10-100 dt/SqMile o -
100-500 d/SqMile
% Oak RIDGE NATIONAL LABORATORY
MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF EMERGY

[ 500-1000 dt/SqMile
I Greater than 1,000 dt/SqMile




High-yield scenario, $60 offered price, energy crops, year 2040

Energy crops
Dry
oM 50M 100M 150M 200M 250M 300M 350M 400M 450M 500M 550M 600M 650M T00M 750M 800M 850M 900M 950M 1000M 1050M 1100M Tons
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Dry tons/year
Less than 10 dt/SgMile
" 10-100 d/SqMile - o
100-500 dt/SqMile
% OAK RIDGE NATIONAL LABORATORY
MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF EMERGY

[ 500-1000 dt/SqMile
I Greater than 1,000 dt/SqMile




Base-case scenario, $60 offered price, combined resources, year
2040

Dry
14 Tons

100M 200M 300M 400M 500M 600M T00M 800M 900M 1000M 1100M 1200M 1300M
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Supplies vary with price and time @
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Advancing Resources

Future research:
Market pull Supply Push 1) Supply push
a) Crop improvement
s D’ S y b) Advanced logistics
— R c) Precision agriculture

2) Market pull
a) Conversion processes
b) Co-optimization
c) Co-products
d) Aviation biofuels
e) International markets
f) Policy impacts

Price

\\

Q Q :Q” Quantity

v

Energy Efficiency &
Renewable Energy
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Advancing resources: Supply and demand
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A BILLION DRY TONS OF

SUSTAINABLE BIOMASS

HAS THE POTENTIAL TO PRODUCE

gallons of biofuels

. KWh of electricity || displacing almost
‘ to power of biobased : ,
. ‘ 1 S T ) ‘ chemicals and bio- ! -
il y i : g products, replacing
and keeps about households. Plus of all transportation a significant portion YN €
: ) . (0],'}: | ; of the chemical ey
. ‘ = he I fu.e's. market of C(')ae
in the U.S. of thermal energy. : reductions
(direct contribution & every year.
and inflation adjusted) i Nae >

b

Projections based on:

STEPS TO BUILDING
THE BIOECONOMY

1 Accelerate research & _teg_nnology development

2 Develop product|on o':onversnon and d|str|butlon mfrastructure
R 3 Deploy technology

X

| &
4 Create markets and delivery systems

e 2016 Billion Ton Study Report (Forthcoming)

e E|A 2015 AEO
e 2015 USDA Long-Term Forecast
® Various data sources

Graphic: BCS, Incorporated in support of DOE’s Bioenergy Technologies Office; Biomass Research and
Development (R&D) Board, 2016.

Source: Rogers, J. N., Stokes, B., Dunn, J., Cai, H., Wu, M., Haq, Z. and Baumes, H. (2017), An assessment
of the potential products and economic and environmental impacts resulting from a billion ton bioeconomy.
Biofuels, Bioprod. Bioref., 11: 110-128. doi:10.1002/bbb.1728

X
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National Laboratory
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BT16 volume 2: Environmental Sustainability
Effects of Select Scenarios from Volume 1

* VVolume 2 is the first effort to
address a critical knowledge
gap about potential
environmental implications.

« Volume 2 provides an
extensive online resource to
enable additional analyses
and inform future R&D.

%OAK RIDGE
Nat

ional Laboratory

2016 BILLION-TON REPORT

Advancing Domestic Resources for a Thriving Bioeconomy

January 2017

U.5. DEPARTMENT OF

Energy Efficiency &

S R U.S. DEPARTMENT OF
» ENERGY Renewable Energy

BIOENERGY TECHNOLOGIES OFFICE




Summary

| Resource
assessments
indicate
vast national
sustainable
potential:
>1 billion
tons/year

| | Future biomass | |
utilization
IS a function
of supply
and demand
interactions

Resource
assessments
can help to:

Evaluate impacts
of supply push
and market pull

Inform strategies
to increase
biomass
utilization

| Future research

should advance
from “how much
is there?”
to “how can
it happen?”
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Interactive components of BT16
http://bioenerqgykdf.net/billionton

/ @ Bioenergy KDF X \\L\:

€ = C [] http://bicenergykdf.net/billionton
% Apps [ Saveto Mendeley ¢ KDF BT16v2 @l GglCindr » [ Other bookmarks

ContactUs  Welcome Matthew Langholtz

MATMENT OF ENERGY b
Connect:
OVERVIEW | TOOLSZAPPS | MAP | BIOENERGY LIBRARY | CONTRIBUTE

™ BIOENERGY

KNOWLEDGE DISCOVERY FRAMEWORK

2016 BILLION-TON REPORT
INTERACTIVE VERSION

mmsmrmmmmnmhammsum“mumm
assessments commissioned by the U.S. Department of Energy. This report aims to inform naional bioenesgy policies and
mmmwmnsms’mmmwmvamzw)mu
sustainabilty efflects of 3 subset of production scenarios described in Volume 1
mmmmhuwm offers detaled data visuaization for potential cellulosic and aigal

biomass availabiity in the United States. Data sets include potential energy crop production. agricultural residue avaitabiity. and
forestry production, 2 well as the potential econoric avaabiity of biomass resources defivered to biorefineries. Users can find key

data sets by report chapier below, visuaize these data sets on the KDF Map with Data Explores and use Data Downioad for further
analysis

This 2016 Bilion-Ton Report, Volume 1, includes an assessment of the potental economic availabiity of biomass resources delivered to
biorefineries, with supplies quantiied under specific sustainabilly

02

Biomass Consumed in the Current
Bioeconomy

View detai for feedstocks that contribute

to cument biofuel production and energy

Access the Report
Rillion-Toa 2018

From the Bicen:
2o ‘

04

At the Farmgate
See an updated assessment of the

Leverage data to estimate the costs and
quantities of feedstocks that could be:
available at biorefineries.

Billion-Ton 2016
Report Information

Agricultural Maps Al Bilion-Ton 2018
Forestry Maps Data

Maps and Data ‘

S_QOAK RIDGE

National Laboratory

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy



http://bioenergykdf.net/billionton

Discussion

Laurence Eaton
eatonim@ornl.qov

Matt Langholtz
langholtzmh@ornl.gov

Additional information:
billionton@ornl.qgov

OAK RIDGE R A o) s oePaRTHENT OF | Enarqy Efficiency &
%National Laboratory < : N ENERGY Renewable Energy

s 2
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Backup slides
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Sustainability criteria: Forestry

Acceptable residue removal for fuel treatment thinning

Soil quality, | different for different slopes (0%, 60%, or 70%) Management
water :
quality assumptions

Acceptable residue removal for logging residues (70%)
: : No biomass removal in wet areas Excluded

il gLy to avoid soil compaction land area

No production in administratively reserved forestlands,
such as wilderness areas and National Parks
Bio- Excluded
diversity | No production in roadless areas, as inventoried by land area

USDA Forest Service, which may qualify for wilderness
or conservation protection

National Laboratory

%OAK RIDGE
0

Energy Efficiency &
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BT16 includes an analysis
of the biomass potential of microalgae

Cultivating algae strains 2 productivity scenarios | __
near CO, facilities l\\&
\\N¥

Coal-fired and natural gas  pyyyre high-productivity case
electric generating units (not considered \

(EGUs) for natural gas)
Ethanol production plants

Current rate

Potential algae biomass (million tons/year)

m Freshwater o4
Saline
21
= e o pog 2 150
Ethanol plant, Ethanol plant, Coal EGU, Coal EGU, Natural gas EGU,
current future current future current

3‘2’»""A U.S. DEPARTMENT OF E Effici &
04K RIDGE (G)ENERGY | g fhocnor &
31 BIOENERGY TECHNOLOGIES OFFICE



Sustainability Criteria: Agriculture

Trend toward reduced/no till for corn, wheat

High fraction of no-till crop acres

Management

No residue removal on conventionally tilled acres

assumptions

Acceptable residue removal different for reduced/no till

Soll
quality, Crop residue removal based on wind, water erosion Residue removal
water  estimates, and soil carbon loss tool used to
quality  Multi-county NRCS crop management zones estimate retention
(e.g., tillage assumptions) coefficients
No residue removal for soy
: . . Excluded land
Annual energy crops on land with low erosion potential area
and assumed part of multicrop rotation
Irrigated cropland or pasture excluded Excluded land
Water  No use of pastureland west of 100th meridian area
guantity - Management
No supplemental irrigation of energy crops assumptions
GHG . : Excluded land
- No transition of non-agricultural lands to energy crops area

Energy Efficiency &
Renewable Energy

G555, U.S. DEPARTMENT OF

& A B
‘2/ENERGY
B

BIOENERGY TECHNOLOGIES OFFICE

National Laboratory

%OAK RIDGE
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Data resources

/ @ Bioenergy KDF

™ BIOENERGY

KNOWLEDGE DISCOVERY FRAMEWORK

OVERVIEW

Producsion Densty | Harvessed Acres | Yield

Select Scenario
3% yeldinc
Select Feedstock

Miscanthus

Select Biomass Price (per dry ton)

5 s
$30 $40

Select Year
G SR U GRS O SR U B S0 @
s

L C [ gistdrupaldev.ornl.gov/biokdf/rQ 75 () @
i Apps [3 Saveto Mendeley @ KDF BT16v2 A GglCindr »

2 =
| Other bookmarks

ContactUs  Welcome Matthew Langholtz
-
Connect:
TOOLS&APPS | MAP | BIOENERGY LIBRARY | CONTRIBUTE

S_QOAK RIDGE

National Laboratory

U.S. DEPARTMENT OF

ENERGY
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Navigating BT16

F/. e Bioenergy KDF x.\ N / e Bioenergy KDF X W
& C [ gistdrupaldev.ornl.gov/bickdf/tQ 77 () @ = & C [ gistdrupaldev.ornl.gov/biokdf/tQ J¢ () @
Apps [ Save to Mendeley @ KDF BT16v2 W@ GglCindr » ] Other bookmarks 5% Apps [ Save to Mendeley @ KDF BT16v2 GglCIndr » (] Other bookmarks

™ BIOENERGY

KNOWLEDGE DISCOVERY FRAMEWORK

ContactUs  Welcome Matthew Langholtz

™ BIOENERGY

KNOWLEDGE DISCOVERY FRAMEWORK

KDE . comaror ence

4Back to Overview Page o €Back to Overview Page 0
9 Executive Summary/Overview S Executive Summary/Overview
n-Ton Repart: Advancing Domestic Resources for a Thriving Bioscanomy (BT16) evaiuates the mast recent estimates of potznial biomass that could be avaiable for new industrial The 2016 Billion-Ton Repors: Advancing Domestic Resources for a Thriving Biosconomy (T18) evaluates the most recent estimates of potential biomass that could be avaitsble for new industrial
fure. Volume 1 of this report, presented here, focuses on resouroe analysis3projecting b potentially available at specified prices. Volume 2, targeted for release at the end of 2016, re. Violume 1 of this report. presented here, focuses on resource analysisaprojecting biomass potentially available at specdied prices. Volume 2, ta i
evaluates changes in environmental sustainabilty indicators associated with select producion scenarios in volume 1. Building en previous analyses, BT10 (1) updates the famgateiroadside analysis ental sustainabiity indicators associated with select production scenarios in volume 1. Building on previous anaiyses, BT18 (1) updates the farmgate/roadside analysis
using the [atest avaiisble data and specified enhancements; (2) adds more feedstocks, including algae and specified biomass energy crops; and (3) expands the analysis to include 2 scenario study to vaiable data and specified enhances 2) adds more feedstocks, including aigae and specified biomass energy crops: and (3) expands the analysis to include 2 scenario study to
illustrate the cost of transportation to bisrefineries under specified logistical assumptions. Here are key summary results and conclusions of BT16 velume 1 illustrate the cost of transportation to biorefineries under specified logistical assumptions. Here are key summary results and conclusions of BT18 volume 1
- 2 3||el[s]|e|7)8e nilz e [ Access Chapter | & Download Datz | @ Help ni| || B Access Chapter | & Download Data
Table ES.1: Summary table of national suppies of biomass ower fime. including currently used and potential biomass resources. across forestry. agricultural, and waste biomass sectors. Select famgate | bomass resouroes (excluding curently used) across the lower 48 states, defauited fo S80 per dry ton per year forthe base-case
biomass crop price and agricultural and forestry simulation scen: iy used biomass resourees remain fixed with choice of scenario and price. Waste resources are estimated for a base-case pote el supply divided by county land area. Supply quantities in blue are correlated to having a feedstock density of
scenari only. 00 diry tons per square mie or more, which corresponds to the approximate minimum quantiy to supply 3 hypotheticalfaciity at 2,000 cry tons per day,
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© Biomass Consumed in the Current Bioeconomy
Chapter 2 reviews and expands upon the larg varisty of biomass-based resources identified in the 2005 Billion-Ton Swdy and 2011 Billion-Ton Update that are currently used for fusls, heat, and Forest biomass is an abundant biomass feedstock that complements the conventional forest use of wood for paper and wood materials. It may be utiized for bioenergy production, such as heat and
power production. This chapter includes greater defail for biopower and secondary feedstocks cantributing to energy generation in the indusirial sector. Additonal detail is indluded from publily available electricty, as wel as biofuels, and a variety of bioproducts, such as industrial chemicals, textiles, and other renewabie materials. The resources within the 2016 Bilion-Ton Report include forest resources
bioenergy feedstock production and energy use statistics, particularly for emerging cansumption classes. y removed from the land, and taken to the roadside. These include logging residues from conventional harvest and whole-tree biomass harvested explicitly for biomass Finaly
this chapter provides forest biomass supply curves to estimate the available tonnages of forest biomass at given roadside costs. by county, by year, and by scenario. Here are a summary of results from
u 3 4 Download Data chapter 3, "At the Roadside: Forest Resources™
Figurs 2.4 Spatil disvibution of faciies that consums biomass representad by points comespending to reparisd nEMSpiate capaCiy in biomass SqUVIEN: tons par yesr. 3[4 |5 7|8
Current Biomass-to-Energy Facilities (2014) 1: Summary table of potential national supplies of biomass from forestiand resources, including forest trees and forest residues. Select forest roadside price ($/dry ton, marginal price),
ario, and year, and include or exclude secondary waste resources from forestiands.
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9 Executive Summary/Overview S Executive Summary/Overview
n-Ton Repart: Advancing Domestic Resources for a Thriving Bioscanomy (BT16) evaiuates the mast recent estimates of potznial biomass that could be avaiable for new industrial The 2016 Billion-Ton Repors: Advancing Domestic Resources for a Thriving Biosconomy (T18) evaluates the most recent estimates of potential biomass that could be avaitsble for new industrial
fure. Volume 1 of this report, presented here, focuses on resouroe analysis3projecting b potentially available at specified prices. Volume 2, targeted for release at the end of 2016, re. Violume 1 of this report. presented here, focuses on resource analysisaprojecting biomass potentially available at specdied prices. Volume 2, ta i
evaluates changes in environmental sustainabilty indicators associated with select producion scenarios in volume 1. Building en previous analyses, BT10 (1) updates the famgateiroadside analysis ental sustainabiity indicators associated with select production scenarios in volume 1. Building on previous anaiyses, BT18 (1) updates the farmgate/roadside analysis
using the [atest avaiisble data and specified enhancements; (2) adds more feedstocks, including algae and specified biomass energy crops; and (3) expands the analysis to include 2 scenario study to vaiable data and specified enhances 2) adds more feedstocks, including aigae and specified biomass energy crops: and (3) expands the analysis to include 2 scenario study to
illustrate the cost of transportation to bisrefineries under specified logistical assumptions. Here are key summary results and conclusions of BT16 velume 1 illustrate the cost of transportation to biorefineries under specified logistical assumptions. Here are key summary results and conclusions of BT18 volume 1
- 2 3||el[s]|e|7)8e nilz e [ Access Chapter | & Download Datz | @ Help ni| || B Access Chapter | & Download Data
Table ES.1: Summary table of national suppies of biomass ower fime. including currently used and potential biomass resources. across forestry. agricultural, and waste biomass sectors. Select famgate | bomass resouroes (excluding curently used) across the lower 48 states, defauited fo S80 per dry ton per year forthe base-case
biomass crop price and agricultural and forestry simulation scen: iy used biomass resourees remain fixed with choice of scenario and price. Waste resources are estimated for a base-case pote el supply divided by county land area. Supply quantities in blue are correlated to having a feedstock density of
scenari only. 00 diry tons per square mie or more, which corresponds to the approximate minimum quantiy to supply 3 hypotheticalfaciity at 2,000 cry tons per day,
Biomass Agriculture . Forest - e . . . .
Price ($idry a0 ot Basscass, 2l ensrgy crops B [ & Medium housing. low energy demands 2040 Combined potential supplies at $60/dt or less, roadside.
ton) Forestry: Moderate housing, low energy demand (base). Agriculture: 1% yield increase (BC1). Wastes: All.
Million Dry Tons &
38 e o ) ) o ) ) o o ) ) ) ) E E E D B E B W m m m ew e m om emwm m  w w
Currently Used Resrources. s Density (annual dt/sq mile)
Forestry 154 154 156 154 154 154 134 156 154 154 154 154 154 154 154 154 154 154 154|154 154 154 156 154|154 ,:“'_ = w"“’ = __Lolorbv
Resources 2 vt Density (annual s
Currently Agncutture Lo 3tz
Ussd il P
1% Vield Crease [ =] romoamame
Agroulural | 144 144 143 148 T4 T4 T4E 145 148 148 T4 TS T4E 143 148 T4 T TH T4 T4 133 18 148 18 144 " Petpe,
Resources 20 [
Currently Moderate housing, - =
Used Waste
SEERSTo
Waste 63| 8 @ s 68 63 83 8 s 68 63| 83 88 8e 68 63| 63 o8 68 88 @8 68 88| 68 68 A
Resour et 2 30 mie
hjn“;nff Feedstocks 0Zd%sa
o Ay
Used U
Total 366 366 366 366 366 366 366 366 366 366 66 366 366 366 366 66 366 366 366 366 366 I66 366 366 366 »
Currently 4
Used
Potential Resources (For Selected Scenarios) ’
Forestry o7 101 103 106 100 109 m 100 108 104 101 100 101 100 101 L1 L1 24 L] Lo 101 102 108 104 Lo )
Resources
Fotential (all
timberland)®
Forest 8 8 w0 88 7| 83 9 80 75 g3 85 85
Resources
Potential (no ‘
federal
timberian
Agicutural | 83| 01| 104) 108] 11| 16| 18| 123 127) 131 135 138| 140 144 146 149 152 154| 158 181 183 168 188 74| 174
Residues - nStreetMap
et - S ailability of Feedstoc) Sl rz %
4 v Do SEr uﬁ&&mﬁq%rmmc, ources for a Thriving Bioeconomy, Volume 1: Economic Availability of Feedstocks. MH Langholtz, BT Stokes, and LM Eaton (Leads). =

U.S. DEPARTMENT OF ‘ Energy Efficiency &

%OAK RIDGE ENERGY Renewable Energy

National Laboratory

36




37

BT16: Chapters 6 and 7

’// e Bioenergy KDF b \\:

7e - oIl
/, e Bioenergy KDF

& C [ gistdrupaldev.ornl.gov/@ 9 (O @ e

[ save to Mendeley Q KDF BT16v2 »

° Apps

™ BIOENERGY

KNOWLEDGE DISCOVERY FRAMEWORK

KDF " .

OVERVIEW

2 To the Biorefinery

Refisble supply chains that cost-efiectively deiver high-quality fesdstocks are an important aspect of buikiing a bilion-ton biosconamy. BT16 festures scenario analyses of the
Iogisics and anspor costs of select feedsioets from cfiapters 3. 4. nd § deivered 12 3 commercal biorzfinery. A nearien seenare sonsiers the petentalof exsing
commercially avaiiable equipment to collect, Stors, grind, and transport biomass 1o & k biorefinary. The k canario evoives to a depot-hased system where
raw biomass is converted to 3 commodity and allowed to blend with other feedstocks. The long-term scenario aiso considers the impacts of a high-yield scenaric (3% increase per
year for most erops) in addition to the base-case yiel increase of 1% per year.
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National map of weighted average cost of deiiversd supply by year of analysis, defiverad feedstack case design, maximum defiversd price of interest, and supply scenario. Counties
in green represent weighted average price of defivered supply less than $84 per dry ton. in orange weighted average supply betwe=n $84 and 100 per dry ton, and in red
represent weighted average cost of biomass supply exceeding $100 to 8 maximum of $150 per dry ton. Total usable defiverad supply based upon choices is reprasentad in the
upper left hand of the visualization (defiversd is defivered and processed to the bicrefinery throat)
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© Microalgae

BT16 s the first in the Billion-Ton series to include algas in the biomass resource potential This resource: estimates the site-specific and national conomic
availabiiity of microalgas biomass co-located with one of three CO2 sources for cultivation-coak-fired power plants. natural gas power plants. or ethanol production plants. Go-location
reduces costs and focuses attention on appropriate technologies and locations for commercialization. All scenarios use open pands, with examples of freshwater and saline watsr
use. The following are key results from chapter 7. “Microaigas”.
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Models/Data Used in BT16 Volume 1

Models

POLYSYS: Policy Analysis System

ForSEAM: Forest Sustainable and Economic Analysis Model

SRTS: Subregional Timber Supply Model

USFPM/GFPM: U.S. Forest Products Module/Global Forest Products Model
PRISM-EM: Parameter-elevation Relationships on Independent Slopes Model
SCM: Supply Characterization Model

Data

%OAK RIDGE

National Laboratory
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USDA Long-Term Agricultural Projections

U.S. Forest Service RPA (10-year forest assessment) and FIA

EIA Monthly Energy Review, Annual Energy Outlook, Consumption Surveys and other
data

PRISM (climate) and SSURGO (soils) high resolution data

Sun Grant Regional Feedstock Partnership and Historical Field Trial data of energy
crops
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The report addresses all stages
of the biomass supply chain

Grower payment, Farm :
: gate price, .
"V "V "V

Delivery and
Preprocessing

Production Harvest

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

Example
operations:

Cut and bale, rake and bale;
fell, forward, and chip into van Load, transport, unload

In the field or forest, Baled or chipped into van Comminuted to <% inches
dispersed roadside (conventional) or pelleted
(advanced)

Format:

Chapters: (3) At the Roadside, Forestland Resources; (4) At the
Farmgate, Agricultural Residues and Biomass Crops; (5) Waste
Resources; and (7) Microalgae

Chapter (6) To the Biorefinery,
Delivered Supplies and Prices

Chapters (2) Currently Used;
(8) Summary, Interpretation,
and Looking Forward
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Currently used forestry resources: 170.9

Currently used agricultural resources: 157.2
B Currently used waste reedstocks: 30.4
Corn stover: 153.9

Wheat straw: 20.9

Sorghum stubble: 1.1
Barley straw: 0.6

Switchgrass: 160.5

Miscanthus: 160.0

I Noncoppice wood: 45.0

Coppice wood: 26.0

Biomass sorghum: 19.3
Energy cane: 0.3
W Logging residues: 20.7

Whole-tree biomass: 60.7

Other removal residues: 13.0
Treatment thinnings, other forestland: 2.6
— Mill residue, unused secondary: 4.1
Mill residue, unused primary: 0.5
= Animal manures: 18.4
Cotton field residues: 4.9
Cotton gin trash: 2.1
Orchard and vineyard prunings: 6.0
— Rice straw: 5.6
Rice hulls: 1.6
Sugarcane field trash: 1.0
Sugarcane bagasse: 3.8
Other MSW: 2.6
Plastics: 19.9
— Rubber and leather: 4.4
Textiles: 8.2
Paper and paperboard: 16.1
Yard trimmings: 3.3
— Biosolids: 4.2
Trap grease: 1.2
Food processing wastes: 4.0
Utility tree trimmings: 0.5
Urban wood waste—C&D: 22.8

Urban wood waste—MSW: 6.3
Algae*: 46.0

S evvesmma e va e
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Agricultural resource potential: 587.6

Forestry resource potential: 101.7

Waste resource potential: 136.9

Algae resource potential: 46.0

Currently used biomass resources: 358.5

Delivered analysis, herbaceous: 497.0

Delivered analysis, woody: 181.5

Other potential: 193.3

Sankey diagram
of all resources
up to $60/dry ton

(2040 total: 1.2 billigRgieristygery.:
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