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Current BioSTAR Tool Developers
» Esther Parish, Mike Hilliard, Keith Kline, Rebecca Efroymson (ORNL)

« Janet Hopson, Robert Gibson, WT Wilson (University of Tennessee)

Initial BIOSTAR concept included:

» Virginia Dale (now at the University of Tennessee)

« Nathan Pollesch (now at EPA)

Case Study Collaborators have included:

« University of Tennessee Institute of Agriculture (UTIA), Genera Energy
« USFS Southern Research Station, IEA Bioenergy
« Antares Group Inc, Penn State, INL, ANL
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ORNL’s Sustainability Research for DOE BETO

Sustoinability
GOAL: Improve understanding of potential trade-offs

among environmental and socioeconomic indicators
to help government & industry maximize potential f/f"”""”*”"“
benefits for local communities.

“‘w,

Our research agenda includes

» Defining environmental & socioeconomic benefits
and costs of bioenergy systems

» Quantifying opportunities & tradeoffs associated with
bioenergy systems in specific geographic contexts

» Engaging with a range of stakeholders to better
understand the challenges & paths forward for
sustainable bioenergy production

» Communicating case study results & generalizing
lessons learned for improved practices

Key challenges

» New methods are needed to accurately represent complex tradeoffs

> Indicator data are collected at many different spatial & temporal scales
;_V(OAK RIDGE
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Develop
sustainability

Test theories
through case

science theories -

study application

Share lessons
learned via
BioSTAR* for

improved practices

“"lcase 1: East TN *Bioenergy Sustainability
™1 switchgrass for Tradeoffs Assessment Resource,
mea ® 8 * | ethanol a web-based tool
et N P Lo by [ Case 2: SE US
2 o "%‘\"«7“ | bioenergy wood
MEIGS 1) :‘ et _' pellet exports
»/ & f‘ ’ Y LT iy | Case 3: lowa
ey ) ‘ \[i/4 Landscape
-« ¥ ‘| Design (stover &
R i | switchgrass)
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Legend

¥ District Shipping Ports
- Chesapeake Fuelshed

l:l Savannah Fuelshed
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Motivations for developing the web-based
Bioenergy Sustainability Tradeoffs Assessment

Resource (BioSTAR) tool

1. Promote consistent evaluation of /"
bioenergy sustainability ’/ﬁ

.
2. Involve stakeholders in setting / \
sustainability goals & tracking '

progress toward those goals

Make indicator datasets transparent & accessible

4. Faclilitate continual improvements in environmental &
socioeconomic aspects of cellulosic feedstock production

5. Share lessons learned for better practices
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ORNL’s Sustainability Assessment Approach

# Step in process ‘ 1. Define scope
* Key components : .

* Describe purpose
| ¥ Crosscutting topics

+» Document context 2. Prioritize

* |dentify options to be indicators
compared .

* Select based on criteria;

6. IdEﬂtif',l' guud — Stakehelder priorities
ractices — Ability to inform decisions
- v" Stakeholder engagement & reflect costs & benefits

« Establish monitoring sys) — Doable, reliable, timely

+ Bvaluate & communicate
outcomes

* Implement & test strategies to

enhance goal achievement

v Transparency

v Communication

v Monitoring

3. Establish targets

v" Continual improvement
5. Analyze trends &
tradeoffs

» Define reference case (e.g.,
time frarme, spatial extent, &
management practices)

* Characterize future
scenarios

» Set indicator target values

needed to meet objectives J

#* Compare & rank scenarios
* Select preferred option
* Document & share results

4. Determine
indicator values

* Empirical measures

* Surveys & expert opinion
* Simulations & projections

Dale VH, Kline KL, Parish ES, Eichler
SE. (2019) Assessing Progress toward

Landscape Sustainability. Landscape
QAK RIDGE Ecology 34 6):1199-1218




Sustainability Research to be shared via BIioSTAR

Register Sign-in Contact Us

™ BIOENERGY I
KNOWLEDGE DISCOVERY FRAMEWORK

KDF LL.5. DEPARTMENT OF ENERGY Connect

KEY TOPICS~ | OVERVIEW | TOOLS &APPS | MAP BIOENERGY LIBRARY

™ . About BioSTAR | Publications | Sign-in
_}w,_ BioSTAR
A Bicenergy Sustainability Tradeoffs Assessment Resource

BioSTAR - Bioenergy Sustainability Tradeoffs Assessment Resource

The Bioenergy Sustainability Tradeoffs Assessment Resource (BioSTAR) ool (Figure 1) is being developed by Oak Ridgegds

tradeofis of cellulosic biomass production systems (Figure 2).
# Step in process 1. Define scope
¥ Crosscutting insights :
compared

6. Identify good
practices

¥ Stakeholder engagement
¥ Transparency
¥ Communication

= Establish monitoring system

= Evaluate & communicate
outcomes.

= Implement & test strategics to
enhance goal achievermnent

¥' Monitoring
¥ Continual improvement
5. Analyze trends &

tradeoffs

* Compare B rank scenarios

4. Determine
indicator values

* Diocurrent B share results

. %OAK RIDGE
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Define scope

BioSTAR

Bioenergy Sustainability Tradeoffs Assessment Resource

NOTICE: This BioSTAR prototype is currently under development. It uses sample data, and @

What would you like to do?

Explore an Existing Project

Add a Project

BioSTAR is designed to
evaluate sustainability of
cellulosic biomass
production (i.e., field up to
biorefinery gate)

U.S. Department of Energy Contact Us Security & Privacy

#OAK RIDGE _
National Laboratory BETO A&S PI’OjeCt 4.2.2.40




Explore Feedstock Potential in Chesapeake Fuelshed 1. Define scope

Farmgate/Roadside Price Offered ($/dry ton)

B Ctrl click for multiple counties. [N Describe purpose
i) ' | * Document context
2020 pe : k

* |dentify options to be
HiL ':‘_ o expl feedstock d bu _,,!' com parEd

Ctri click for multip!

iples. Click again to unselect.
1/'
Hardwood, lowland - i
Hardwood, upland -

Mixed wood I

Softwood, natural . |

Softwood, planted I

. Tree B Residues
Potential Annual Dry Tons by County
2,162 N 108,076
LSA T (O Billion Ton 2016 feedstock production scenarios can be
interactively explored at the supply shed extent
%Qux Ripar
Nationmal Laboratory




2. Prioritize
indicators

BioSTAR

Bioenergy Sustainability Tradeoffs Assessment Resource

Checklist of 35 Bioenergy Sustainability Indicators

Greenhouse gas emissions Social well being
- , , Social External
Productivity onl quality acceptability trade
Management

Biological ’ Water quality Resource Erergy
diversity and quantity conservation security
Air quality Profitability
Bioenergy Indicators

Category Indicator Units
Environmental
Soil quality 1. Total organic carbon (TOC) Mg/km?

2. Total nitrogen (N) Mg/km?

3. Extractable phosphorus (F) Mg/km?

McBride et al. (2011) Ecological Indicators 11:1277-1289
OAK RIDGE : .
10 %Naﬂommbormy Dale et al. (2013) Ecological Indicators 26:87-102 BETO A&S Project 4.2.2.40




1 2 s @

Add/Select Project Project Description Explore Feedstocks Select Indica 2 . P ri (0] rit ize

indicators

Select Indicators - Southeastern Wood Pellet Case Study - Chesapeak
* Select based on criteria:
— Stakeholder priorities
— Ability to inform decisions
& reflect costs & benefits
— Reliable, doable, timely

High Priority Medium Priority Low Priority

Prioritize and select indicators for analysis by dragaging the indicator category groups shown below into one of the three bins
above. Any indicators not placed in a bin will remain unselected. Click the (+) button on an indicator category to view the individual
indicators it contains. If you would like to remove an individual indicator from analysis, uncheck it.

If you would like to include an indicator not listed below, click the Create Indicator button.

WView our Sustainability Indicator Checklist for descriptions of indicators.

Unselected Indicator Categories

Click the (+) button on an indicator category to view individual indicators.

Timberland Management 4 Water Quality + Employment + Profitability +

Certification Practices + Water Quantity + Energy Security + Resource Conservation+

Soil Quality + Biodiversity + External Trade + Social Acceptability 4
Carbon Cycle + Productivity +

" %OAK RIDGE
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Select Indicators - Southeastern Wood Pellet Case Study - Chesapeake 2. Prioritize

indicators

High Priority Medium Priority Low Priority

* Select based on criteria:

— Stakeholder priorities
¥/ Nitrate Discharge ¥ CO; Produced _ Ablllty to inform decisions
¥ Total Nitrogen ¥ GHG Intensity & reflect costs & benefits
— Reliable, doable, timely

Water Quality Carbon Cycle

¥ Total Phosphorus ! Carbon in Soil and Leaf Litter

¥ Sediment ¥/ Carbon in Harvestable Biomass

¥/ Carbon in Non-harvestable | Reset |

N Biomass
Profitability + Create Indicator
¥ Total Timberland Carbon

Prioritize and select indicators for analysis by dragging the indicator category groups shown below into one of the three bins
above. Any indicators not placed in a bin will remain unselected. Click the (+) button on an indicator category to view the individual
indicators it contains. If you would like to remove an individual indicator from analysis, uncheck it.

If you would like to include an indicator not listed below, click the Create Indicator button.

View our Sustainability Indicator Checklist for descriptions of indicators.

Unselected Indicator Categories

Click the (+) button on an indicator category to view individual indicators.

Timberland Management 4 Water Quantity + Employment + Resource Conservations

> %OAK RIDGE
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3. Establish targets

Baseline & Target Values are requested for * Define reference case &
each indicator selected in previous module future scenarios

— Time frame

— Spatial extent

— Management practices
* Set indicator target values

High Priority Medium Priority Low Priority \needed to meet objectives f

Target
Spatial Indicator Starting
Indicators Extent Units Value Condition Value(s)
Environmental
Water Quality
Nitrate discharge Watershed - kg v 2.335.003 kg Target condition v 50000 kg
Total nitrogen Watershed ¥ kg v 9,659,075 kg Less than or equal to v 8000 kg
Ttl)lal phosphorus Watershed - kg v 400,642 kg Decreases v
discharge
Sediment Watershed v kg v 626,902,084 kg Decreases v
Socioeconomic
Profitability
Export value Fuelshed v 5 v 114,000,000,000 | § n Increases v
Economic impact State v g v 181,000,000,000 k3 n Target condition v 200,0000,0000 3

Glossary of Terms

» %OAK RIDGE
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3. Establish targets

Explore what is already known about
sustainability of selected feedstock  Define reference case &

future scenarios

— Time frame
Explanation — Spatial extent
£ Expected to improve ~ Mixed results expected — Management practices
* Set indicator target values
\needed to meet objectives/
Switchgrass * Miscanthus * Corn Stover * Biomass sorghum | x
‘ Water Quality "
Environmental
Total Nitrogen
Air Quality
Biodiversity " '
Greenhouse Gases otal phosphorus t
Productivity Suspended sediment t
Soil Quality
Herbicide it

A

Water Quantity

Water Quality @ f ‘
]

-
i
-

Socio-economic

Energy Security

-
i
-
i

External Trade

i
n
-
-




Explore studies & assumptions
underlying sustainability trend arrows

Indicator: Water Quality - Total Phosphorus
Feedstock: Switchgrass

3. Establish targets

* Define reference case &

future scenarios

— Time frame

— Spatial extent

— Management practices
* Set indicator target values
needed to meet objectives

Billion Ton Reference East Tennessee
Description Scenario Billion Ton 2 - AWR Billion Ton 2 - IRE Switchgrass
Citation 3 [13
Lower Little Tennessee Watershed
Study Location Baseline Phosphorus (mg/L) Switchgrass Phosphorus (mg/L e " UsA Ezst Tennesses, USA
set Nitrogen target
Data Type 25 Empirical, Modeled
set Phosphorus targ
Feedstock Types Analyzed o ] Agricultural g
set Sediment target
300
Units yr ! Run-offkg*ha™ %!
Concentration-mg/L
Spatial Resolution of Indicatd Frald
Temporal Resolufion L r J -
Referance Case Used "' N = Corn and Pasture

Feedstock Supply Chain|  phosphorus values vs. Target-—-Lower is b

F"El'“.i"lg LOW (lessthan0 1 MED (0.14-028 HIGH (0.28-0 40

Harvesting and Collection

+ableav

Siorage

etter

EXCEEDS TARGET
Greater than 0 40

Transportation to Biorefinery Gate

" %OAK RIDGE
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Provide Relevant National-Scale Datasets: 3. Establish targets

* Define reference case &
future scenarios

— Time frame

— Spatial extent

— Management practices
* Set indicator target values
needed to meet objectives

Surrogate CENTURY Soil Organic Carbon

Example: Results from Billion Ton 2016 Report, Vol Il

Soil quality Agricultural

model
: Greenhouse gases, Regulated Emissions, and
GHGs AGTELIUIEY & (RS Energy use in Transportation Model (GREET)
_ Agricultural Soil and Water Assessment Tool (SWAT)
Water quality N
Forestry Empirical model
Forestry Water Supply Stress Index (WaSSI) Ecosystem

Services Model
Water quantity

Agricultural & Forestry Water Analysis Tool for Energy Resources

(WATER)
Air eImissions Agricultural & Forestr Feedstock Production Emissions to Air Model
: Y (FPEAM)
o _ Agricultural Species distribution model, Bio-EST
Biodiversity _ o
Forestry Habitat suitability framework

OAK RIDGE
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Visualize environmental & socioeconomic indicator o BELETIG

data collected across many spatial & temporal scales

indicator values

* Collect and validate:

GRM Ratio (50-mi): Total Timberland —Empirical measures
—Surveys & expert opinion
—Simulations & projections

SWITCHGRASS CONTRACT FARMS

975 1980 1985 1990 1995 2000 2005 2010 2015 202(

GRM Ratio (50-mi): Softwood Timberland

Regular Gasoline Prices

(dollars per gallon)
4

975 1980 1985 1990 1995 2000 2005 2010 2015 2020 3 _/_//’\_’-/\
ftf/f’ E \
2

GRM Ratio (50-mi): Hardwood Timberland

Jul8 Jan 19

= U.8. — East Coast
— New England Central Atlantic
— Lower Atlantic — Midwest

Gulf Coast Rocky Mountain
=— West Coast — California

975 1980 1985 1990 1995 2000 2005 2010 2015 202C

AR :
%OAK RIDGE —@— Chesapeake Fuelshed —@— Savannah Fuelshed
17
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4. Determine

Visualize progress indicatorvalues
toward indicator targets e e
s R

B Does not meet target

Forest Carbon per Hectare vs Target B Mects target

1]
Reference Reference . —
-
Pellet ©
Baseline=15 get=25  Pellet é -
et in 2023
0 5 10 15 20 25 20 Target met in 202
2020 2030 2040 2050 2060
Tons of Carbon per hectare (2060) auen A Y;m o cubl
Forest Carbon per Hectare vs Target
Dofaranca @
Reference Reference ‘-E-._
Pellet o
Baseline=45 Target=200 FPellet é
100 80 50 40 50 Target metin 2023

2020 2030 2040 2050 2060

Less is better Indicator2 (2060) VR

Prototype of an interactive visualization of progress of an indicator of forest
carbon toward a target under two different scenarios (Reference vs. Pellet).

OAK RIDGE
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%

Compare indicator
trends across
selected scenarios

Environmental

‘5'. Carbon Cycle

C0O; Produced

GHG Intensity

Carbon in Seil and Leaf Litter
Carbon in Harvestable Biomass
Carbon in Non-harvestable Biomass
Total Timberland Carbon

‘ Water Quality

5:'_. Water Quantity

Rain Water Usage

Socio-economic

$ Profitability
Indicator Priorities
[ | High Priority

Export Value

Economic Impact

OAK RIDGE
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B Medium Priority

Low Priority

To explore data for individual indicators, click on the trend icons in the table below

ORNL Pellet Study SRTS Projections (Abt, 2019) Billion Ton (2018)
Past Present[y Future 1 Future 2 Future 3
Prior to 2011 2011-2016 2014-2060 2014-2060 2014-2040
Currant production Production doubled
5. Analyze trends &
_ _ _ tradeoffs
* Compare & rank scenarios
t t | * Select preferred option
1 } 1 -| * Document & share results
1 1 -
1 § 1 § 1 1 -
Indicator Trends
4 'mproving <[> Mo Clear Change J worsening - Data not available




May 2019 Usability Study Example: 5. Analyze trends &
“Trellis” visualization option

tradeoffs

B . . :
Indicator Summary - Indicator Summary - Compare & rank scenarios
_ i . .
Scenario A Scenario B Select preferred option
* Document & share results
Forest Management Worsening Improving Worsening Improvi
1
Total timberland area I I— I—
Hardwood /softwood ratic I | ] ||
| |
|
Matural /planted timberland r I —I *
|
Logging ] —I *
Thinning ] I_ I—
Stand size distribution [ ] I I
Ermiironmmental oo b e e L
Snags for biodiversity ] | I_
Soil and leaf litter I E— T—
|
Harvestable material ] I— *
|
MWon-harvestable material [ ] I— *
- — [ ] [
otal organic carbon ] | |
_ ) [ | | ]
otal nitrogen export ] | |
_ [ ] [
otal phosporus export ] |
) i ] | ]
Sediment Yield ] |
|| | ]
Evapotranspiration [ ] | |
[ | | ]
Decreased surface flow ] | |
|| | ]
Water yield ]
SOCIOBCONOIMIIC - - - - oo mmmmmee e el e
|| ]
Crowth and removal rates ]
[ ] I—
Direct effect economic imp... ]
|| | ]
Public opinion ]
ill j |
Pellet mill jobs — —
Legging jobs ]
Worsening No Improving Worsening No Improving

Worsening  No Change  Improving Change Change




5. Analyze trends &

May 2019 Usability Study Example: tradeoffs
“Sunburst” visualization option « Compare & rank scenarios

* Select preferred option
* Document & share results

Scenario B Expected Results

Scenario A Expected Results

¢
%
D
%
2,
b # N
-i‘,npf Efr"plr
. ™
Ey,
otr, € yie.
MNonharv. .. Evapotra.. Scenario B
pstd | i Harg,,
whar ot
Y
Lo 4'@-
] }-’e "'G'
A 32 7 a3
o <&® Pe ‘v
5 <,
& a
o ; u ‘o,
o . OQ 3 - ‘; 2
£ : T = o = = @
& N () g = s gn;‘
3 E £ 5 = 2 w
E 2 < = @
A 5
: LA
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DEXIi software can be used to

aggregate qualitative indicator ratings tradeoffs
& compare scenarios

5. Analyze trends &

* Compare & rank scenarios

A Y * Select preferred option
* Document & share results
) ——

| Environmental | — Energy security _
i outcomes Energy sec.premium_| Environmental

Biodiversity | Fuel price volatility |

Productivity | —

Greenhouse gases | 1 Profitability

Environmental ROI & NPV |

quality Variability |
20il guality | . External trade Social Econamic

Soil carbon
Phosphorus mgmt.
“—{ Soil bulk density

—T

Environmental

Hydrology |

Water quality
Nutrients
Phosphorus

Sediment

— Social well-being |

Livelihood |

E Employment

Household income

Work days lost | Social Economic
Herbicide Food security. ] )
[ Water availability | — Environmental

Base flow .

Social acceptability |

Air qualit Public opinion |
’ Ozone

|
conservation |

L

Information sharing |

Carbon monoxide
Particulate matter

Risk of catastrophe

” %OAK RIDGE
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East TN Switchgrass Case Study Results 5. Analyze trends &

tradeoffs

Explanation
ool * » Compare & rank scenarios
Expected to improve Mixed results expected Expected to worse . Sele ct pre ferre d op tion
* Document & share results
Sustainability Ratings by Scenario
Indicators Switchgrass Unmanaged Pasture Corn Charts Maps Notes

Environmental

& Air Quality 1.8 & ¢ L8 8 ¢ 0
wf Biodiversity ' ' & ¢ * 0
4 Greenhouse Gases ok * 0
@ Productivity ) 8.8 ¢ * 0
B _Soil Quality 1. 0.8 1 * %k * O
& Water Quality 1.8 8 1.8 8 w 0

Total Nitrogen

g -

Nitrate *x K *
Total phosphorus b & & ¢ * w
Suspended sediment b & & ¢ * w
Herbicide 1.8 & ¢ *

Q._, Water Quantity *** 0

o ;}%OAK RIDGE
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Can incorporate mathematical
methods developed to aggregate
guantitative indicator results

* Normalization transforms measurements from

5. Analyze trends &

tradeoffs

* Compare & rank scenarios

- , _ * Select preferred option
original units to common measurement units * Document & share results

« Advantages of target normalization

» Allows for inclusion of context specific baselines & @
target values

» Consistent functional forms across different bearing \;.4-\;)
types for baseline (B) & target (T) -k

« More is better (e.g., biodiversity) 3 \7
B

T -
* Less is better (e.g., nitrates in streams) -

* Medium is better (e.g., soil compaction) T B

relative to lower & upper bounds (B, & By) <m>
L U

- Aggregation

» Applies mathematical properties of aggregation functions
» Inconsistencies arise if properties of aggregation functions aren’t considered

Pollesch & Dale (2015 & 2016) Ecol. Econ.
Pollesch (2016) PhD dissertation in Mathematics

OAK RIDGE
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Collaborating with lowa Landscape Design 5. Analyze trends &

project to develop methodology for exploring tradeoffs

potential tradeoffs of landscape designs across

a Supply shed area * Compare & rank scenarios
* Select preferred option
* Document & share results

Hypothetical results
dep’Cted Switchgrass - Corn Stover -
. VS. VS.

© 100

Q2 I

& 50

>

s 0

:'g Maximize Maximize Pheasant Minimize Nutrient Combined Goals

° Productivity Recovery Runoff

m Nitrogent & Phosphorus Concentrations m Cellulosic Biomass Profit m Bird Counts

" %OAK RIDGE
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Desired OQutcomes 6. Identify good

practices

* Enable users to integrate indicators of
sustainability tailored to local conditions & - Establish monitoring system
stakeholder goals/priorities * Evaluate & communicate

outcomes

« Sustainability quantification & visualization « Implement & test strategies to
will help government & industry implement  \_ enhance goal achievement )
bioenergy systems that maximize potential
benefits

—

PROJECT BENEFITS

Rural Jobs

Land Owner Profits
Soil Quality

Water Quality
Biodiversity
Reduced Carbon

)7
/ Emissions
" %OAK RIDGE
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Project ‘Go’/‘'No Go’ Milestone (June 2020)

Is it feasible for users to enter their own projects into BioSTAR?

Demonstrate 2 separate examples:
1. User uploads indicator dataset

2. Data gets processes

3. Indicator results are visualized

graphically
If successful If it doesn’t work
Refine & improve BioSTAR Meet with BETO to discuss
user interface. Ensure options, including redirecting
stakeholder access to tool remaining $ to meet BETO

sustainability visualization &
communication goals through
alternate approaches.

. ;_V(OAK RIDGE
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Thank you! P CBES

Q u eS t i O n S ? Center for BioEnergy

Sustainability
https://cbes.ornl.qov/

Publications related to ORNL's
Bioenergy Sustainability research

’ \
l './' | \.’ ’ : 3 y I '4: r‘ \| | / l |
I A\ \ \,\ /

X / "’ f’ ; 1 ‘ '>'<‘|4 Wi :
AVRRNAIN TR o ¥ 0 0 QTR
Q ‘" \ Al\‘ .4/"\ \s ,.‘ A -l"': ‘ 1 o/
Al i LIV ted ‘Y"‘ 4 ! /
(N L ')’. ﬁMﬂi: I ‘ it M Al " CF R SS SR

\ K X

ALY v \

ACKNOWLEDGMENTS
S8 Funding for a portion of this research was provided by the US Department of
’ § Energy (DOE) under the Bioenergy Technologies Office (BETO). Oak Ridge
National Laboratory (ORNL) is managed by UT-Battelle, LLC, for DOE under

} contract DE-AC05-000R22725. Thanks to the many collaborators who have
| contributed to these studies.


https://cbes.ornl.gov/

