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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

GOAL: Improve understanding of potential trade-offs 
among environmental and socioeconomic indicators 
to help government & industry maximize potential 
benefits for local communities.

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
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Develop 
sustainability 

science theories 

Test theories 
through case 

study application

Share lessons 
learned via 

BioSTAR* for 
improved practices

Case 1: East TN 
switchgrass for 
ethanol

Case 2: SE US 
bioenergy wood  
pellet exports

Case 3: Iowa 
Landscape 
Design (stover & 
switchgrass)

*Bioenergy Sustainability 
Tradeoffs Assessment Resource, 

a web-based tool
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Motivations for developing the web-based
Bioenergy Sustainability Tradeoffs Assessment 
Resource (BioSTAR) tool

1. Promote consistent evaluation of 
bioenergy sustainability

2. Involve stakeholders in setting 
sustainability goals & tracking 
progress toward those goals

3. Make indicator datasets transparent & accessible

4. Facilitate 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

Dale VH, Kline KL, Parish ES, Eichler 
SE. (2019) Assessing Progress toward 
Landscape Sustainability. Landscape 
Ecology 34 6):1199–1218



77 BETO A&S Project 4.2.2.40

Sustainability Research to be shared via BioSTAR
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BioSTAR is designed to 
evaluate sustainability of 

cellulosic biomass 
production (i.e., field up to 

biorefinery gate)
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Billion Ton 2016 feedstock production scenarios can be 
interactively explored at the supply shed extent
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McBride et al. (2011) Ecological Indicators 11:1277-1289

Dale et al. (2013) Ecological Indicators 26:87-102 
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Baseline & Target Values are requested for 
each indicator selected in previous module
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Explore what is already known about 
sustainability of selected feedstock
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Explore studies & assumptions 
underlying sustainability trend arrows
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Provide Relevant National-Scale Datasets: 

Example: Results from Billion Ton 2016 Report, Vol II

Indicator 

Category
Biomass Category Model

Soil quality Agricultural
Surrogate CENTURY Soil Organic Carbon 

model

GHGs Agricultural & Forestry
Greenhouse gases, Regulated Emissions, and 

Energy use in Transportation Model (GREET)

Water quality
Agricultural Soil and Water Assessment Tool (SWAT)

Forestry Empirical model

Water quantity

Forestry
Water Supply Stress Index (WaSSI) Ecosystem 

Services Model 

Agricultural & Forestry
Water Analysis Tool for Energy Resources 

(WATER)

Air emissions Agricultural & Forestry
Feedstock Production Emissions to Air Model 

(FPEAM)

Biodiversity
Agricultural Species distribution model, Bio-EST

Forestry Habitat suitability framework
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Visualize environmental & socioeconomic indicator 
data collected across many spatial & temporal scales
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Visualize progress 
toward indicator targets

Prototype of an interactive visualization of progress of an indicator of forest 

carbon toward a target under two different scenarios (Reference vs. Pellet).



1919 BETO A&S Project 4.2.2.40

Compare indicator 
trends across 
selected scenarios
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May 2019 Usability Study Example:

“Trellis” visualization option
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May 2019 Usability Study Example:

“Sunburst” visualization option
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DEXi software can be used to 
aggregate qualitative indicator ratings 
& compare scenarios
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East TN Switchgrass Case Study Results
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Can incorporate mathematical 
methods developed to aggregate 
quantitative indicator results
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Collaborating with Iowa Landscape Design 
project to develop methodology for exploring  
potential tradeoffs of landscape designs across 
a supply shed area
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Desired Outcomes
• Enable users to integrate indicators of 

sustainability tailored to local conditions & 
stakeholder goals/priorities

• Sustainability quantification & visualization 
will help government & industry implement 
bioenergy systems that maximize potential 
benefits

Rural Jobs 

Farmer Profits

Soil Quality

Water Quality

Biodiversity

Carbon Emissions

Energy Security

✓ Rural Jobs 

✓ Land Owner Profits

✓ Soil Quality

✓ Water Quality

✓ Biodiversity

✓ Reduced Carbon 

Emissions

✓ Energy Security

PROJECT BENEFITS
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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

Refine & improve BioSTAR
user interface. Ensure 

stakeholder access to tool

If successful If it doesn’t work

Meet with BETO to discuss 
options, including redirecting 
remaining $ to meet BETO 

sustainability visualization & 
communication goals through 

alternate approaches.
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Thank you!
Questions?
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