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Outline

» Biomass resource analysis objectives.

e National resource assessments to
date.

2011 Billion-ton Update summary.
* Yield assumptions.

2016 Billion-ton Report preview.

o Www.bloenergykdf.net
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http://www.bioenergykdf.net/

Resource Analysis Objectives

* |n order to realize an advanced biofuels
Industry, we need a significant
sustainable supply of biomass

 Goal: Provide timely and credible
estimates of feedstock supplies and
prices to support

— the development of a bioeconomy;
feedstock demand analysis of EISA,
RFS2, and RPS mandates

— the data and analysis of other
projects in sustainability, logistics,
conversion, etc.

500 Miles %OAK

RIDGE
National Laboratory
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Economics of Biomass and Conversion

» Feedstock costis 2 largest source - Relevance — Scenarios and Sensitivity
of cost variability in 2014

Thermochemical Minimum Fuel Lt bt
. . . Feedstack Cost, $/dry .S ton (60 : 80
Selhng Pl‘lCe ('7.8% tO +15.7%) 3. Internal Rate: of Return [ Discount RateTor i

4. HGF, Capital Cost + 10% Yield Loss (No HGF : No HGF : HGF with loss)

0.0% | 15.2%

. . . 5. Ex Situ Organic Liq. Yield:C Efficiency % (3049 : 27,44 - 24;39) -8.1%_ 11.6%
° |n BlOChem|Cal and ThermOChemICBJ 8. Pant Size (10,000 - 2,000 1,000 dry metric tonnes/day) -10.0%_ 8.1%
. 7. Vapar Upgrading Catalyst Unit Cost, $b (3.25: 8.75 : 19.50) —6_4%_ 9.6%
proceSS deS|gn cases f Fast Py & Ex Stu Reactor Capital (-20%  base - +40%) -4.6% | 0.2
. . 9 Hydroprocessing C Efficiency (04 - 94 88 %) 0.0% _ 9.0%
(TEChnoeCOI’lomIC AnalyS|S), 10. Interest Rate an Debt (4% - 8% - 12%) -5.3%— 5.6%
. 11 Vapor Upgrading Catalyst Replacement, %iday (1:2 - 4 -2.7% 3.3%
feedstocks costs consistently account et 0.3, 200 e =
H. H 13 Ex Stu Catalyst Biomass wiw Circulation (5 5 7) 0.0% 3.9%
for abOUt 1/3 Of Mlnlmum Fuel Selllng 14 Hot GasFilter, HGF, Capital Cost Only (No HGF - Mo HGF - HGF no loss) 0.0%:3.2%
15. Hydrogen Plant Capital (-20% : base : +30%) -2.0% 3.0%
Prlce (MFSP) 16, Time on Stream (84% - 80%  86%) -2.5%=2k?%
17. Steam & Power Flant Capital (-20% : base : +30%) -1.5%- 2.3%
18. Hydrotreating Catalyst Unit Cost, $/b (10 - 20 : 60) -0.6% - 2.2%
19. Hydroprocessing & Separation Capital (-20% : base : +40%) -1.0%- 2.1%
20. C Loss as Coke (vs Gas) with Constant Organic Liquid Yield (7% - 8% © 9%) -0.4% 1.2%
21, Wastewater Managerment Capital (-20% - base : +50%) -0,4%:1.0%
22_No Vapor Heat Recovery Below Temp. (175 175 : 931 °F). No New Equip. 0.0% . 0.9%
23. Electricty Credit Impact, Mo Capital Change (base : base 2.6¢ - no credit) 0.0% I 0.8% M Market, Finance etc.
24, Hydrocracking Catalyst Unit Cost, $/b {10 : 20 : 60) -0.2%|l 0.7% .Vapur Upgrading
25 Mo.of HT Reactors x %Capacity (1x100 - 12100 : 3x50) 0.0% 1 0.7% Hydroprocessing
26, Heat Loss During Pyrolyas & Vapor Upgrading, % LHV Biomass (33 6) 0.0%] 0.4% MMBalance of Plant
27. Hydrotreating Pressure, (1500 © 1500 : 2000 psia) 0.0%] 0.1%
-26% 0% 25%

Example of sensitivity studies for ex situ case 3% Change to MFSP from the ex situ base case (§3.34/GGE)

Cost variability = RISK

http://www.energy.gov/sites/prod/files/2015/04/f21/thermochemical_conversion_dutta_210302.pdf
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Previous Analyses

Billion-Ton Study (BTS), 2005 o

Bioenergy and Bioproducts Industry:

The Technical Feasibility of a

« Technical assessment of agricultural S s
and forestry systems to supply low-
valued biomass for new markets

* |dentified adequate supply to displace
30% of petroleum consumption; i.e.
physical availability

Billion-Ton Update (BT2), 2011

 Quantified potential economic
availability of feedstocks for 20-year
projection

e Publicly released county-level supply
curves for 23 candidate feedstocks
through Bioenergy Knowledge

Discovery Framework.
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Preamble to the 2011 Billion-ton Update

e Resource assessment — not demand estimates

e Excluded algal feedstocks

* Included “major” feedstocks

e Costs were only to roadside/farmgate

 No specified product end use or conversion process

e Raw material in form as described with losses only up
to roadside

 Does not represent full cost or actual, usable tonnage
at facility

&O\K RIDGE NATIONAL LABORATORY
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2011 U.S. Billion-Ton Update: <$60/dt

Baseline scenario

e 2012 combined
resources from forests
and agricultural lands
total about 473 million.

e By 2030, estimated
resources increase to
nearly 1.1 billion dry
tons.

High-yield scenario

By 2030, total resource
ranges from 1.4-1.6
billion dry tons
annually.

* No high-yield scenario
was evaluated for
forest resources.

. Forestland resources
currently used

" W Forestland biomass
] & waste resource potential

‘@ Agricultural resources
; currently used

! @ Agricultural land biomass
& waste resource potential

[l Energy crops

- - Baseline
o I
o] 200 400 600 800 1000 1200 1400 1600 1800

Million dry tons

2030 - _ - forestiand biomass

i [ Forestland resources
: currently used

& waste resource potential

i [0 Agricultural resources
currently used

: W Agricultural land biomass
& waste resource potential

ngh yleld

M Energy crops

- -

O 200 400 600 800 1000 1200 1400 1600 1800

Million dry tons
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Table ES-1: Current and Potentially
Available Feedstocks, $60/dt

Feedstock 2012 2017 2022 2030
Million dry tons

Baseline scenario

Forest resources currently used 129 182 210 226

Forest biomass & waste

. 97 98 100 102
resource potential
Agricultural resources currently used 85 103 103 103
Agricultural hiomass & waste 162 192 221 265
resource potential
Energy crops® 0 101 282 400
Total currently used 214 284 312 328
Total potential resources 258 392 602 767

High-yield scenario (2%—4%)
Forest resources currently used 129 182 210 226

Forest biomass & waste
resource potential

Agricultural biomass & waste

resource potential® 244 310 346 404
Energycrops o 139-180 410-564 540799

Total currently used 214 284 312 328
Totalpotenual _____________________________________________________________________________ a0 sarsss sss 1000 R

*- OAK RIDGE NATIONAL LABORATORY
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Perspective.:

Under the baseline scenario at $60, in 2030:
 Over 750 million dry tons additional=~60 bg/yr

e Includes 400 million dt/yr of dedicated crops on 22 million
acres of cropland and 40 million acres pastureland.

2013 cropland was 231 million acres, down from 271 million
in 1982.

» 2013 pastureland was 460 million acres.

 From a supply perspective, EISA could be realized on
residues alone. A greater bioeconomy vision would require
energy crops.

*‘O\KR[G : NATIONAL LABORATORY
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Comparison of 2005 BTS with 2011 BT2

Comparison of 2030 at $60/dry ton with the 2005 BTS

o I High-yield
- ©
S 2
N3 Baseline
High-vield
§‘|2 gn-y
o Moderate

0 /\5_00 1000 1500 2000

EISAtargets ~263 Million dry tons
million dt

M Forest residues ™ Agricultural residues ™ Energy crops
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Near-term Potential

2012
Baseline
scenario

e $60 dry ton-!

201 x 106 dt

590
580
'gS?o -
£se0

£$5O i
§
Z 540 -

3530 -
o0
510

—+—2012 Baseline
—=—2012 High-yield
w2017 Baseline
——2017 High-yield
——2022 Baseline
—+—2022 High-yleld

0 500 1000 1500

Millions dry tons per year

www.bioenergykdf.net

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:
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

[ Jo-1.000
_1,001-25000

| |25,001-50,000

I 50,001 - 150,000

[ 150,001 - 250,000

I 250,001 - 500,000 500 Miles . RIDGE
|

I 00,001 - 40,000,000 [T T R N T National Laboratory
Souree: U.S. Department of Energy. 2011_ .S, Billion-Ton Update: Biomass Supply for a Bioenergy and Bioproducts Industry.
R.D. Perlack and B.J. Stokes (Leads), ORNLTM-2011/224. Cak Ridge Natiul_'lal Laboratory, Oak Ridge, TH. 227p. V.5, DEPARTMENT OF Enargy Efficiency &

Data Accessed from the Binenergy Knowiedge Discovery F ww. if net, [D 4,2012). ENERGY

Author: Lawrence Eaton {satonimgioml gov)- Decamber 4, 2012 Renewable Ene ay
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Bi I I |On't0n ReSU ItS www.bioenergykdf.net

e 2017 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
2017 County-level Estimates

e Baseline
scenario
e $60 dry ton-?

327 x 10° dt

590
580
g0 Baseline Scenario
E s60 Dry Tons/Year
= ~#—2012 Baseline
§°%° 2012 h"eld. I o- 1000
~8—2012 High-
Z540 igh-yi 1,001 - 25,000
= w2017 Baseline .
€530 - ! 25,001 - 50,000
e ——2017 High-yield
Fowo 2022 Baseline I 50,001 - 150,000
s10 | 2022 Hgh-yield | [T 150,001 - 250,000 OAK
s : I 250.001 - 600,000 500 Miles . RIDGE
0 500 1000 1500 I s00.001 - 10,000,000 [ T N N T N National Laboratary
Millions dry tons per year i . . :
Source: U.5. Department of Energy. 2011. U.S. Billion-Ten Update: Biomass Supply for a Bioenergy and Bioproducts Industry.
R.D. Perlack and B.J. Stokes (Leads), ORNLTM-2011/224, Dak Ridge Hational Laboratory, Oak Ridge, TN, 227p. EﬁEWREa’FY Energy Efficiency &
Data Accessed from the Bicenergy Knowledge Discovery Framework, www.binenergykdf.net. [December 4, 2012]. R
enewable Energy

Author: Lawrence Eaton {aatonimg@oml.gov)- December 4, 2012,
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e 2022 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:
« Baseline

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
e $60 dry ton-1

2022 County-level Estimates

529 x 106 dt

$90
580
gm0 Baseline Scenario
gsw ! Dry Tons/Year
= —+—2012 Baseline
g% 2012 High "eld S
- -
Fsa0 oy 1,001 - 25,000
= =d—2017 Baseline .
2530 2017 High-yield 25,001 - 50,000
s -
T 2022 Baseline I 50,001 - 150,000
$10 - —e—2022 High-yield I 150,001 - 250,000 %0}\1{
- . 250,001 - 500,000
. - FRIDGE
0 500 1000 1500 I 500,001 - 10,000,000 IS T T N T R National Laboratory

Milliens dry tons per year . . X .
Source: L.5. 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), ORNLTM-2011/224. Gak Ridge Mational Laboratory, Oak Ridge, TN, 227p. LR (ORFARTS T O Energy Efficiency &

Data Accessed from the Bi gy Knowdedge Discovery F ) WO, gykdfnet, [December 4, 2012]. R
new. En
Author: Lawrence Eaton {satonimi@oml gov)- Dacember 4, 2012, ENERGY enewable ergy
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Sensitivity analysis to key variables, 250
million dry tons in 2022

Farmgate Price ($ dt”, 2022$)

$50 $60 $70 $80 $100
Conversion Efficiency h
85 gallons/ton
USDA Baseline 2009 _
2013 m Low price
m High price
Yield scenario 3% _ 1% anp
1.0%
No-till adoption sensitivity C=3 - C=1
C=2 |
(Stochastic,
$83 reference) $40 $50 $60 $70 $80

Farmgate Price ($ dt7, 2011%$)

Source: Langholtz MH, Eaton LM, Turhollow A, Hilliard MR. 2013 Feedstock Supply and Price Projections and
Sensitivity Analysis. Biofuels Bioprod Biorefining-Biofpr [Internet]. 2014;8(4). Available from:
http://onlinelibrary.wiley.com/doi/10.1002/bbb.1489/abstract
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Energy Crop Productivity, 2011 BT2

« Herbaceous crop productivity f‘
— Baseline yields (dry tons/acre) | |
« 2014-3.0-9.5
« 2030-3.6-12.0
« Woody crop productivity gl e
— Baseline yields (dry tons/acre) : U
. 2014 -3.5-6.0 , i
. 2030 - 4.2-7.2 ~L

g =
=

IIII =2

«
vs2s2288 ¢
gl 5 8

RIDGE

National Laboratory
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BT16, revised yields, national averages,
high-yield scenarios (dt/ac/yr)

2019 2040
Scenatrio: 2% 3% 4% 2% 3% 4%
Switchgrass | 2.9 3.0 3.1 7.0 8.0 9.2
Poplar 5.9 5.9 5.9 6.0 7.5 8.7
MxG 4.1 4.2 4.3 6.7 7.2 7.9
Egﬁ;gy 92 93 95 139 167 19.9
Sorghum 11.7 11.0 114 141 141 15.7
Willow 7.5 7.8 8.2 105 119 134
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Enhanced Energy Crop Potential Yield, BT16

Herbaceous Energy Crops

Average Annual Yield Potential, 1981 - 2010 Average Annual Yield Potential, 1981 - 2010
[N g RP Lands o Sorghum for Biomass
e _k,g\L O . HN

1 LA

Woody Crops

Average Annual Yield Potential, 1981 - 2010
Willow

Average Annual Yield Potential, 1981 - 2010
Poplar

Average Annual Yield Potential, 1981 - 2010
;‘; S Lowland Switchgrass
‘ i "

| Average Annual Yield Potential, 1981 - 2010

Energycane

(11T Wik

T,
(e

s &= 2y
|,‘ W o
Tid S

-~ -

Manuscript in preparation by SGI Field

Trial and Resource Assessment Teams

Average Annual Yield Potential, 1981 - 2010
Pine
‘\‘

= TR
N § o Ay 7’

b ((_,. ’ﬁj_, S

L o

i
4

Credit: Oregon State University PRISM Climate Group
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SGI RFP Participants

Resource Mapping Team

Chris Daly, Mike Halbleib, Oregon State University

Laurence Eaton, Matthew Langholtz, ORNL
Vance Owens, South Dakota State University
Energy cane (May, Jackson, MS)

Mike Grisham, USDA Houma, LA

CRP grasses (July, Kansas City)

D.K. Lee, University of lllinois

Keith Harmoney, Kansas State

Chengci Chen, Montana State University
Gopal Kakani, Oklahoma State University
Robert Kallenbach, Ezra Aberle

Brian Baldwin, Bisoondat Macoon, Brett Rushing, Mississippi Woody Crops (September, Oregon State University)

State University

Ted Wilson, TAMU-Beaumont, TX

Ken Gravois, LSU AgCenter

Jonathan Markham, UGA

Switchgrass (May, Oregon State University)
John Fike, Virginia Tech

David Bransby, Auburn University

Mike Wimberly, South Dakota State University
Ryan Crawford, Cornell University

Danielle Wilson, lowa State University

Rodney Farris, Oklahoma State University
Rob Mitchell, USDA-ARS

Sorghum (June, ORNL)

Bill Rooney, Texas A&M University

Ron Heiniger, NC State University

Scott Staggenborg, Kansas State/Chromatin
Bisoondat Macoon, Mississippi State University

Tim Volk, SUNY-ESF

Bill Berguson, Bernie McMahon, University of Minnesota
Ray Miller, Michigan State University

Jeff Wright, Arborgen

Rich Shuren, Greenwood Resources

Bryce Stokes, CNJV, LLC

Marilyn Buford, USDA-FS

Tim Rials, Jessica McCord, University of Tennessee
Miscanthus (Chicago)

Tom Voigt, University of lllinois

Brian Baldwin, Mississippi State University

John Fike, Virginia Tech

Emily Heaton, Fernando Miguez, lowa State

>40 participants from >110 trials
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Average Annual Yield Potential, 1981 - 2010
Upland Switchgrass

Upland Switchgrass
30-year Average Yield
Tons/Acre
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Average Annual Yield Potential, 1981 - 2010
Lowland Switchgrass

Lowland Switchgrass
30-year Average Yield
Tons/Acre

. -
-
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-

Final Draf
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2016 Billion-Ton Report-Additions

Characterization of delivered supplies: feedstock mixes, prices,
comparison of logistics scenarios.

Additional sensitivity analyses and specified-demand scenarios.
Interactive visualization of biomass supplies, costs, types, and
spatial distribution.

Additional crops: Miscanthus, energy cane, poplars, and
eucalyptus.

Biomass crop yields derived from empirical model of 30-year
climate average.

Development and application of POLYSYS forest module for
primary forest resources.

Supplies and prices of algae from co-located production
systems.

Two-volumes: Volume 1, economic availability of feedstocks;
Volume 2, environmental effects of select scenarios.

*‘O\K RIDGE NATIONAL LABORATORY
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BT16 Farmgate: Pending interactive
visualization (preliminary results, do
not cite)

Select States or counties to filter resuits. Cir+Click fbr muiltiple.
Reset at bottom of page.

R I
gu’i"i!.:‘

Ve &
Avg. tons over selected Years

: N ol : 100 10,000,000 - .
> 4 3
o S ; £ )
3100 : 2017 2022 2040
L [ Switchgrass 116,547,162 184,747,571 288,717,747
8 e Cpewood 131,791,440 145,766,868 74,552,886
] 550 Miscanthus 109,008,323 138,317,711 84,194,745
Corn-stvr 24,208,584 43,559,666 52,986 447
I Biomass sorghum 3,133,188 31,313.181 101,960,934
51?.?. Wheat-strw 3,302,095 6,789 460 9,175,833
Nepewood 399 665 521,039
2
g 550

50
3100

550
50 - I ! 8

o i ' Cane 451,461 277.434 549274

i Barley-strw 112,642 159,624 636,643

Sorghum-stbi 37,490 56,316 320,504

I Dats-strw 7,415 13,697 17,391
. L } Grand Total 388,600,801 552,421,193 613,633,442

Click on a column, row or entry to filter results. Cirl+Click to select muifi-
ple years or feedslocks.

2040

. Mcpowood . Switchgrass . Sorghum-sti
W cane B cpowood 1 Wheat-strw
OM  50M  100M  150M  200M  250M  300M  350M  400M  450M  500M  550M  GOOM Il Biomass sorghum Dalsstie Il com-stvr
Dry Tons I Miscanthus M Barley-strw
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BT16 Delivered Supplies: (preliminary,
do not cite)

/public.tableausoftware.com/profile/michael.hilliard5790

worites Tools Help

g‘ AdobConn Suggested Sites = @ RA @ Inside ORNL @ ESD GIS Facility @ Employee Experience & Welcome - Bioenergy Pro... & Oak Ridge National Labor.. | Weather v E EndNote Web 2 & fus | Sharepoin

Source Depot Ref | CONVENTIONAL | Feedstock Scenario | FeedCost | FeedAvgCostBC = CiyAvgCos! | AvailableByCounty | Cost&Density | HarvesiCost&Density | Used FeedstockTable | Sheet13 || Sheel 14

Feedstocks and Depots for Bio-chemical Refineries Total Tons Used
Average Delivered Cost per Ton by County 128.7M
1480 )

Refinery Average Cost Per Ton
53316 [ W, | $100.00

+ | | Cintario i \
@

»

Jontana
Feedstock
Dakota County, MN
70,800 Tons
Average Cost: $51.3 per Ton
Rhode sland
New Jersay
Arizona

Refineries

2 OpenStreetMap contributors:

» OpenStresthap contributors

*- OAK RIDGE NATIONAL LABORATORY
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BT16 Delivered Supplies: (preliminary,
do not cite, values redacted)

Overview | Plant/Source Maps | Plants Grouped | Cost by County | Distance To Feedstock ' Map and Stairstep || Distance Vs. Quantity |

Plant Costs ($/dt) Attributed to Feedstocks Set Group Siz

Plants in Groups of 25 |25

Feedstock Gro
. Perennial Grasses

. Conventional Wood & Thinr
. Urban \Wood Waste CE&D
. Logging Residuals & other
B il Residue

TotalCostPerTon_BinSize

Tt~ R P2 SRS IS S 08B I C RN EB5358388 22y g
L . . . S . ol S
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Approach: Sustainability in Billion Ton 2016

Potentially Available Biomass Resources
tial primary agricult a imary and secondary forestry resources excls F

jes all potenti agricultural resources and pri nd uding Federal Lands (when available) at $80 per dry ton or less:
i idue,

Forest Thinnings, Other Remaval Residus
Woody Muni Solid te, Unused Mill Residue
tes

o

., i
Ay
Baseline Scenario .
1.000
001 - 25,000
0

Dry Tons/Year

0-
1

0 ) oK

National Laboratory
o1 and Inchustry.
). 11/224. Cak Ridge National Lal ry, Oak Ridge, TN. 227p. U.8. DEPARTMENT OF Ene Efficiency &
v Faner, i beereopain: Deceier 1% ENERGY  rincuable Enoray
Auithor: Lawence Eaton (eatonimg@om| gav)- December 4. 2012

Air quality

Soil quality

i
roductivity

Greenhouse gas emissions

Biological
diversity

Water qualit
& quantity

« Address multiple indicators in 6 indicator categories
* Use multiple models (SWAT, Century, GREET, F-PEAM,

species distribution model)

 Involve multiple national labs and agencies
* Focus on 2040, with potential outputs for 2030 and 2020
« Qutputs: projected environmental effects, tradeoffs among

effects

* OAK RIDGE NATIONAL LABORATORY
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Approach: Sustainability in Billion Ton 2016

Environmental sustainability indicators

Indicator

Indicator

Soil quality
(ANL, USFS)

1. Total organic carbon (TOC)

2. Total nitrogen (N)

3. Extractable phosphorus (P)

Greenhouse gases
(ANL)

12. CO, equivalent emissions
(CO, and N,0)

4. Bulk density

Water quality
and quantity
(ANL,
ORNL,
USFS)

5. Nitrate loadings to streams (and
export)

6. Total phosphorus (P) loadings to
streams

7. Suspended sediment loadings to
streams

8. Herbicide concentration in streams
(and export)

9. Storm flow

10. Minimum base flow

11. Consumptive water use
(incorporates base flow)

Addition: Water yield

McBride et al. (2011) Ecological
Indicators 11:1277-1289

Biodiversity 13. Presence of taxa of
(ORNL) special concern
14. Habitat area of taxa of
special concern
Air quality 15. Tropospheric ozone
(NREL)

16. Carbon monoxide

17. Total particulate matter
less than 2.5 ym diameter
(PM; 5)

18. Total particulate matter
less than 10 ym diameter

(PMy)
Possible additions: VOCs,
SO,, NO,, NH,
Productivity 19. Aboveground net primary
(ORNL) productivity or Yield

MANAGED BY UT-BATTELLE FOR THE U.S. DEPARTMENT OF ENERGY




Summary

* Biomass resource analysis aims to
support national bioenergy and biofuels
strategies and a bioeconomy vision.

* Aiming to release BT16 Volume 1 in July
of at Bioenergy 2016, Volume 2 in
September 2016.

o Www.bloenergykdf.net
 langholtzmh@ornl.gov
* Thank you!

*ORGNO L. LABORATORY
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http://www.bioenergykdf.net/
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