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Goal Statement
• The overall goal of this project is to use an 

ecosystem service framework to evaluate the 
environmental impact of biomass production 
options and their placement on the landscape so 
as to guide the burgeoning bioenergy industry 
toward greater sustainability. We are providing 
actionable information on the life cycle 
environmental impacts of biomass production and 
use.
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Quad Chart Overview

• Project start date: 9/30/2010
• Project end date: 12/31/2015
• Percent complete: 85%

• Barriers addressed
– St-C. Sustainability Data Across the 

Supply Chain
– St-D. Implementing Indicators and 

Methodology for Evaluating and 
Improving Sustainability

– St-E. Best Practices for Systems for 
Sustainable Bioenergy Production

– Ft-A. Feedstock Availability and Cost
– Ft-B. Sustainable Production

Timeline

Budget

Barriers

• All work is being conducted at 
the University of Minnesota.

• Ongoing collaborative work with 
ANL, NREL, and ORNL

Partners

Total 
Costs 
FY 10 –
FY 12

FY 13 
Costs

FY 14 
Costs

Total Planned 
Funding (FY 15-
Project End 
Date

DOE 
Funded

$104k $93k $149k $300k

Project 
Cost 
Share
(Comp.)*

90k $67k $10k $27k



1 - Project Overview

• Achieving multiple sustainability goals 
requires simultaneous consideration of 
multiple sustainability indicators.

• The modeling system employed in this 
project allows for comparison among 
multiple sustainability indicators using a 
common metric ($).

• Our life cycle approach assists in identifying 
potential roadblocks in the sustainable 
development of the bioeconomy.
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2 – Approach (Technical)

• We have sought to advance the quantification and 

valuation of ecosystem services, with particular focus on 

air quality.

• Our overall approach has been to integrate the life cycle 

approach with other modeling efforts (e.g., Agro-IBIS, 

InVEST, WRF-chem).

• Our critical success factors include:

– Publication of results in high-impact journals

– Communication of results through highly-visible 

media

– Invitations for continued collaboration beyond the 

duration and scope of this project



2 – Approach (Management)

• Focus on providing actionable information to DOE, 

industry, policy makers, regulators, and the public

• Encourage flexibility to explore emerging opportunities 

for high-impact work and as they arise

• Leverage related projects within our research group

• Foster ongoing synergies with National Laboratories

• Use project as opportunity to train graduate students 

and postdocs for advancement in field.

• Establish research directions that can be sustained 

beyond the duration of this project.

6



7

3 – Technical Accomplishments/ 
Progress/Results

Keeler et al. (2013)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Keeler et al. (2013)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

• Benchmark the progress versus previously reported results (if 

applicable)

• Benchmark the accomplishments against the technical targets (if 

applicable)

• Please limit your slides to the time you have available.

Keeler et al. (2013)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Tessum et al. (2012)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Tessum et al. (2012)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Tessum et al. (2014a)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Tessum et al. (2014a)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Tessum et al. (2014a)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Tessum et al. (2014a)



16

3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Tessum et al. (2014b)



17

3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Tessum et al. (2014b)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Noe et al. (In review)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Noe et al. (In review)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Noe et al. (In review)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Noe et al. (In review)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Mu et al. (2014)
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3 – Technical Accomplishments/ 
Progress/Results (cont’d)

Mu et al. (2014)



24

4 – Relevance
• This project directly benefits multiple platforms goals and objections of 

the BETO Multi-Year Program Plan
– Feedstock Supply and Logistics R&D
– Sustainability
– Strategic Analysis

• Critical success factors
– Helps ensure success of biomass sources with the highest net return to society
– Helps support markets for non-valued ecosystem services
– Plays an important role in verification and certification of sustainable biomass

• Advancing the state of technology and positively impacting 
commercial viability and environmental performance

– Supplying sustainability data across the supply chain
– Defining indicators or a methodology for evaluating sustainability
– Defining best practices for sustainable bioenergy production
– Considering potential interactions and trade-offs among different goals (energy 

security, environmental protection, and low-cost commodities) and different 
bioenergy scenarios.
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5 – Future Work

• Expanded air quality modeling efforts

– Stand-alone reduced form air quality impact model

– Integration with GREET

– Integration with InVEST

• Regional assessment of switchgrass production costs 

and returns

• Expanded ecosystem service valuation

– Nitrogen (with Natural Capital Project)

– Air quality for perennial grass production
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Summary

1) Approach – This project seeks to estimate life cycle changes in 
ecosystem services under different biomass production regimes.

2) Technical accomplishments – This project advances our ability to 
make informed decisions that account for ecosystem services 
values.

3) Relevance – Sustainability includes environmental, economic, and 
social goals. This project promotes the integration of all three.

4) Critical Success factors and challenges – Success will be seen in 
the use of ecosystem services in decision making processes.

5) Future Work – Expand our work in impacts on air quality and from 
nitrogen, in particular

6) Technology transfer – Continued high level of communication with 
academic and public audiences through publication and 
presentations
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Additional Slides
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Responses to Previous Reviewers’ 
Comments

“Additional transparency, enhanced level of user comfort, and potential 
policymaker engagement would be needed to realize great potential and 
relevance.”

All of our underlying data and models are freely available to the public. We 
engage with policy makers at the state and federal levels regularly to discuss 
the findings of our research.

“This approach is somewhat undermined by the subjective nature of 
establishing ecological costs. For this reason, sensitivity to cost/value 
assumptions is critical to correctly utilize the product of this study.”

We have greatly expanded our efforts in understanding the sensitivity of our 
results to our underlying assumptions. We now conduct Monte Carlo 
simulations to estimate the likelihood of achieving certain outcomes given 
the distributions of underlying parameters.
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Publications, Patents, Presentations, 
Awards, and Commercialization

• Tessum C, Hill J, Marshall J (2014) Life cycle air quality impacts of conventional and alternative 
light-duty transportation in the United States. Proc. Natl. Acad. Sci. U.S.A. 111:18490–18495.

• Tessum C, Hill J, Marshall J (2014) Twelve-month, 12-km resolution North American WRF-Chem 
air quality simulation: Performance evaluation. Geosci. Model Dev. Discuss 7: 8433–8476.

• Mu D, Min M, Krohn B, Mullins K, Ruan R, Hill J. Life Cycle Environmental Impacts of 
Wastewater-Based Algal Biofuels. Environ. Sci. Technol. 48: 11696–11704. 
http://dx.doi.org/10.1021/es5027689

• Keeler B, Krohn B, Nickerson T, Hill J. (2013) “U.S. Federal Agency Models Offer Different 
Visions for Achieving Renewable Fuel Standard (RFS2) Biofuel Volumes” Environ. Sci. Technol.

47: 11095–10101. DOI: 10.1021/es402181y
• Anderson-Teixeira, K. J., P. K. Snyder, T. E. Twine, S. V. Cuadra, M. H. Costa, E. H. DeLucia. 

2012. Climate regulation services of natural and agricultural ecoregions of the Americas, Nature 

Climate Change, doi:10.1038/nclimate1346.
• VanLoocke, A., T. E. Twine, M. Zeri, C. J. Bernacchi. 2012. A regional comparison of water use 

efficiency for miscanthus, switchgrass and maize, Agricultural and Forest Meteorology 164: 82-
95, doi:10.1016/j.agformet.2012.05.016.

• Tessum, C. W., J. D. Marshall, J. D. Hill. 2012. A spatially and temporally explicit life cycle 
inventory of air pollutants from gasoline and ethanol in the United States. Environ. Sci. Technol. 
doi:10.1021/es3010514.

http://dx.doi.org/10.1021/es5027689
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