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Importance of BT16 volume 2

* Previous Billion-Ton studies
focus on quantifying potential
biomass supplies.

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

2016 BILLION-TON REPORT

Advancing Domestic Resources for a Thriving Bioeconomy

ntal Sustainability Effects of Select Scenarios from Volume 1

* Volume 2 provides an ENERGY
extensive online resource to
enable additional analyses
and inform future R&D.
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BT16 volume 2 Outline

— Land Allocation and Management
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Background on BT16 volume 1
2016 Billion-Ton Report: Advancing Domestic Resources for a Thriving

Bioeconomy: Volume 1. Economic Availability of Feedstocks

« Data: NASS Census of Agriculture, USDA Baseline Projections, Forest Inventory
and Analysis, Sun Grant Initiative, and USFS Forest Products Lab

* Models: version of POLYSYS for agriculture and ForSEAM for forest resources,

both operating at a county-level
ll Biomass Consumed in the Current
Bioeconomy

== At the Roadside: Forest Resources

Output: Feedstock Supply
and Price Assessments

Feedstock type
Base-case scenario (1% yield increase(BC1)) Energy crops
W Agricultural residue

. Forestry
4 $54.56 M Waste

% L 1 L—sss.zo
o B [ |

Stepwise Supply Curves (up to $90) for all feedstocks (3% yield increase (HH3)

B  Atthe Farmgate: Agricultural
Resources

— Waste Resources

B To The Biorefinery: Delivered
Resources
e
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Primary Objectives of BT16 volume 2

All Feedstocks, 2040
o
i

A

2
o

*2040, combined potential supplies, at $60 or less, roadside,

base-case scenario, including wastes. Source:

https://www.bioenergykdf.net/billionton2016/1/2/tableau

Less than 10 dit/Sghile

500-1,000 di/SqMile
I Greater than 1,000 dt'SqMile

Energy Crops
B Agricultural Residues
Forestland resources
m Wastes
B Currenthy used

0.324

oore 0130

0235
ey
0.103

0.140 @ 0. 140 @ 0.141

Scenarios
to Volume 2

2017 2020 2022 2025 2030 2035 2040

Use national set of county-level output data from BT16 volume 1 to
» Describe land management effect of agricultural and forestry scenarios that lead

to environmental change

* Investigate greenhouse gas emissions, soil organic carbon, water quality and

quantity, air emissions, and biodiversity

» Consider near-term (2017) and long-term (2040) effects
» Consider base yield and high yield scenarios (2040)
« Provide an extensive online resource to enable additional analyses.

%OAK RIDGE
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https://www.bioenergykdf.net/billionton2016/1/2/tableau

Additional Objectives of BT16 volume 2

Land-use change Sensitivity of energy crops to climate
Clarify land-use change (LUC) implications  Simulate climate sensitivity of agricultural
of BT16 in light of model constraints and energy crop productivity

assumptions relative to other LUC studies

Microalgae Enhancing environmental outcomes
Assess qualitative environmental Describe strategies for enhancing

effects of potential algae biomass environmental benefits and minimizing
production from BT16 volume 1 concerns

J—
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Approach: Supply Scenarios Analyzed

» Three specific scenarios from BT16 volume 1 were selected to
Include a low- and a high-yield scenario and near- and long-term

estimates.

1,200 1 ’1036
For
? A
§ 1,000 g
S 807 . .
o o Agriculture Forestry Annual Yield
S . _-ﬂ)r (Ag) (For) Increase
E - Ag 594 2017 base case, BC1 baseline, ML 1%
g
2 2040 basecase, BC1 baseline, ML 1%
o 400
m - - - -
@ 2040  highyield, HH3  High housing, 3% (ag) or
g 200 high wood specified wood
g energy, HH energy demand
0
BC1&ML 2017 BC1&ML 2040 HH3&HH 2040
m Corn ethanol and soybean biodiesel -Agriculture Residues
Herbaceous Crops =Woody Crops
= Forestry Whole Tree m Forestry Residues
“4\_ U.S. DEPARTMENT OF Energy EffICIency &
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Approach: Environmental Indicators

Indicator Indicator
Soil quality |1. Total organic carbon (TOC) Greenhouse 12. CO, equivalent
(ANL) 2. Total nitrogen (N) gases lemissions (CO, and N,O)
3. Extractable phosphorus (P) (ANL)
4. Bulk density Biodiversity 13. Presence of taxa of
Water 5. Nitrate loadings to streams (ORNL, USFS) special concern
quality and (and export) 14 Hab|tat area Of taxa Of
quantity (6. Total phosphorus (P) loadings special concern
(ANL, to streams Air emissions 15. Tropospheric ozone
ORNL, 7. Suspended sediment loadings (NREL) 16. Carbon monoxide
USFS) to streams 17. Total particulate matter
8. Herbicide concentration in less than 2.5 pym diameter
streams (and export) (PM, 5)
9. Sto.rnj flow 18. Total particulate matter
10. Minimum base flow less than 10 pm diameter
11. Consumptive water use (PM,,)
(incorporates base flow) Additions: VOCs, SO,
Addition: Water yield NO,, NH,
McBride et al. (2011) Ecological Indicators 11:1277-1289  [Productivity 19. Aboveground net
primary productivity or
Light orange—indicators in BT16 volume 2 Yield

Energy Efficiency &
Renewable Energy

White—other BETO- and ORNL-recommended indicators , ENERGY
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Models Used

Outputs

Land cover + management
practices for scenarios

+ Equipment budgets for
scenarios

Surrogate CENTURY Saoill
Organic Carbon model

Greenhouse gases,
Regulated Emissions, and
Energy use in
Transportation Model
(GREET)

Soil and Water Assessment
Tool (SWAT)

Empirical model

Water Supply Stress Index
(WaSSlI) Ecosystem
Services Model

+ Model-specific inputs
(climate, land-use history,
downscaled landscapes,
habitat suitability, etc.)

15

Water Analysis Tool for
Energy Resources (WATER)

Feedstock Production
Emissions to Air Model
(FPEAM)

Species distribution model,
Bio-EST

Habitat suitability framework

NNEI Ratio for

eeeee
Emissions (%) Attainment Status

County-level
Environmental

> Effects

&

Comparisons
among scenarios

Energy Efficiency &
Renewable Energy
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Chapter 3 — Land Allocation and Management Main
Findings

Geospatial distribution of changes in perennial
cover under the base-case (BC1) scenario

Difference between the percentage of
/ total agricultural acres (cropland
+pasture +idle land) managed as

ok | i~ perennial cover in BC1 2040 and the
. » 1 a percentage managed as perennial
: d 4 b*r . : : ,
x Px : cover in the 2015 agricultural baseline.
g 2 « Maximum county-level increase was
s , 38%. Change in majority of counties
>35% change v .
e was below 5% increase or decrease.
zess‘:ﬁt(r:]:nngsm(hangeurlessthaﬂlOOOacreSpereﬂniaI ¥ i Larger increases Occur On
agriculture land in Southeastern
(a) Agricultural Baseline (b) Base-case BC1 (c) High-yield HH3 Plains and areas where simulated
2015 2040 2015 2040 2015 2040 returns from conventional crops are

. not as competitive with energy
crops.
— 2 3

I  Annual Cover
B dle (13 million rising to 23 m. acres in each case)

504 504 504 528 504 549

13

Perennial Cover
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High-Level Conclusions of BT16 volume 2

« Environmental effects vary by location, biomass type, and
previous land management:

In most cases, potential for an increase in biomass production with
negligible or manageable effects on water quality, water quantity, and
air pollutant emissions.

In some contexts, potential challenges for water quality, water quantity,
and air quality.

Biodiversity effects dependent on species and location, with possible
increases in richness and range for some species and potential
adverse impacts to others that may require additional safeguards.

Potential for deep-rooted, high-yielding energy crops to contribute to
soil organic carbon gains; some transitions lead to soil organic carbon
losses.

Favorable performance of cellulosic biomass relative to conventional
feedstocks in terms of soil organic carbon, GHG emissions, air
emissions, and water quantity.

» Future research, science-based monitoring, and adaptive
management are needed.



Enhancing Environmental Outcomes:
Going Beyond Analyses in this Report

Best management practices Landscape design
« Common implementation in forestry and * Integrated management across
agriculture with emphasis on soil and water multiple scales
quality « Optimization of land and other
« Could develop BMPs for air quality, resources

biodiversity, GHG emissions

Precision agriculture

« Based on subcounty and
subfield variability

Multipurpose biomass productlon and
removal ; : ~

« Mineland reclamation
«  Phytoremediation )
» Fire-risk reduction

urdu hoto

Energy Efficiency &
Renewable Energy

Rt 2 ENERGY

National Laboratory
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Research Needs and Knowledge Gaps

* Monitoring and model validation to:

— increase confidence in the results for these scenarios and
to quantify uncertainty.

— help identify drivers of multiple benefits or adverse effects
In particular regions.

— help reveal limitations of county-level analyses at higher
resolution.

e Consideration of environmental tradeoffs

* Investigation of
environmental, social, and
economic effects

 Improved visualization

20 BIOENERGY TECHNOLOGIES OFFICE
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<« C @ Secure | hitps//www.bioenergykdf.net/billionton2016vol2 Qa0 e Ol xS ¢
I I OVERVIEW T SAPP MAP IOENERGY LIBRARY
Res O | l rC eS € Go to Billion-Ton 2016 Interactive Report

. 2016 BILLION-TON REPORT VOL 2
* How to access materials e W ey

repor Is composed of two vokumes. Vokume 1 focused on polerital availadiy of blomass under specified marke! scenarios. Volume 2, presenied here, Is 3 first effort at
changes in emironmental ndicalors associated with select 2017 and 2040 blomass producion scenancs i vokume 1, weh an emphasis on agricuural and

effects of algae, and describes siralegies 1o enhance envionmental outcomes.

As Wil exsting agricullural and forest production, emvronmental oulcomes of blomass production afe contingent on local decisions and praciices. BT16 volume 2 i not 3
prediction of emaronmental effects. Rathes, s study seeks 1o enable further analyses and Insights, nform fuure fesearch and development, and facitate eflorts to

‘enhance envionmental benefits and minimize negative eflects associaled with a growing bioeconomy.

Smitar 1o volume 1, Ihe Bioenesgy KDF provides online fesources includeg data, chapters, and report information associaled wih volume 2. Find bekow chapler
descripions and access 1o downioad indidual chapiers. AddSonal ol companion matesial wl be added in early 2017. These wl Include additonal data sefs by
Chagher Som the analyses shown below Users wil be abke 10 Visualize select data sets on the KDF Map wilh Data Explorer and use Data Downkoad for further analyss.

Data sets
01

Executive Summary/Introduction: Environmental Effects of increased biomass production in the U.S.

" " h— y 2

With the goal of understanding envronmental effects of a growing bioeconomy, the U S. Department of Energy (DOE), national laboralories, and U S. Forest
of polential biomass production scenarios in
1he United Stales, with an emphasis on agricutural and forest biomass. Polential effects investigated included changes in sod organic carbon (SOC),
(GHG) emissions, water quaity and quanily, air emissions, and biodiversity. Most analyses in BT 16 volume 2 show polential for a substantial

E eenhouse g
aC S ee S ase in b roduction with minimal or nogligible environmental effects under the biomass supoly constraints assumed in BT16.

 How to submit questions
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Thank you!

On behalf of the entire Billion-Ton
Report volume 2 team,

Thank you for attending
Bioeconomy 2017!

For more information on BT16
Volume 2, visit;

https://bioenergykdf.net

We welcome additional questions at
%0AK RIDGE billionton@ornl.gov.

National Labor:

Energy Efficiency &

ENERGY Renewable Energy

BIOENERGY TECHNOLOGIES OFFICE
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