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The Challenge
Addressing a limited understanding of: 
• Ecosystem processes related to carbon, nitrogen, and water cycling to enable predictions of 

ecosystem services and yield
• Economic viability and resilience of biomass production
• Land available to optimize feedstock productivity
• Refinery-scale techno-economic understanding of the feedstock conversion process
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Key Objectives
Provide an overarching framework for:
• Integrating outcomes from the Feedstock and Conversion Themes using a systems approach
• Predicting the mix of feedstocks, land types and regions, fuels, products and market conditions 

that are economically and environmentally sustainable
• Analyzing the feedstock traits and physiology that determine their yields and ecosystem 

services
• Assessing the economic viability and resilience of biomass production under current and future 

climate scenarios

Assess Marginal Land Availability
• Generate the dataset of the marginal land availability for the U.S. based on 

the Cropland Data Layer

• Build an algorithm prototype of field-level land productivity based on 
remote sensing and machine learning approaches, and test the algorithm 
for two major states: Illinois and Nebraska

• Develop cyberinfrastructure to store and visualize above generated data

• Develop a prototype approach to integrate marginal land information in 
ecosystem and economic modeling frameworks

Measure Ecosystem Processes in Target Crop 
Systems
Characterize water, energy, carbon, and nitrogen fluxes
• Establish sugarcane and sorghum experimental plots at hub sites 

• Measure ecosystem water and carbon exchange in experimental plots at 
hub sites 

• Develop isotopic methods and other sampling techniques for partitioning 
soil carbon dioxide fluxes into autotrophic, heterotrophic, and mycorrhizal
components

• Build multiplexed instrumentation to couple cavity ring down 
measurements of carbon dioxide, nitrous oxide, and methane fluxes with 
automated chambers for temporally resolved measurements of soil fluxes 

Improve mechanistic understanding of how 
plant-soil-microbe interactions influence carbon 
and nitrogen cycling
• Relate root exudation rates and exudate chemical composition to rates of 

carbon and nitrogen mineralization in the rhizosphere

• Relate microbial functional gene diversity and abundance to rates of gross 
nitrogen cycling and gaseous nitrogen fluxes in the rhizosphere and bulk 
soil 

• Characterize microbial community in sorghum and sugarcane endosphere, 
rhizosphere, and bulk soil

• Develop coarse representation of annual and perennial bioenergy grasses in 
FUN-CORPSE (Fixation & Uptake of Nitrogen – Carbon, Organisms, 
Rhizosphere, and Protection in the Soil Environment) model

Chart Innovation Pathways via Techno-
economic Analysis (TEA) and Life Cycle 
Assessment (LCA)
Develop a rapid and robust TEA-LCA platform in Python
• Balance model complexity with computational

efficiency to evaluate candidate processes
and products

• Enable quick assessment of financial
viability, industrial feasibility, and 
environmental implications

Chart innovation pathways for sustainable
processes and products
• Characterize the implications of individual 

decisions and process parameters

• Elucidate tradeoffs and synergies across the development pipeline

• Prioritize research and set targets for Feedstock Development and 
Conversion researchers

Integrate process modeling with systems-scale models for a resilient and 
sustainable bioeconomy
• Identify risk mitigation strategies to reduce costs and uncertainty in the 

bioenergy and bioproduct value chains

Visioning Solutions

Develop predictive capability for most 
profitable and sustainable feedstock 
combinations and land types
Improved Models = Improved Predictions

• Develop new plant functional types in ecosystem models and evaluate with 
observations

• Differentiate crops in their response to climate variability at scales ranging 
from the plant organ to the ecosystem

• Derive mechanistic understanding of the component fluxes and phenotypes 
that contribute to biogeochemical cycling over varying environments, 
management practices, and geographies

Integrate Economic and Biophysical Modeling 
for a Resilient and Sustainable Bioeconomy
• Determine barriers to energy crop adoption (such as effect of farmer risk and 

time preferences and attitudes) and the economic incentives to overcome 
these barriers

• Develop an integrated modeling framework to study the economic and 
environmental implications of large-scale biofuel, biopower, and 
bioproducts

o for the economically viable mix of feedstocks, optimal locations for 
each feedstock 

o under alternative current and future policy scenarios 

• Analyze the impact of climate change and fuel market uncertainties on 
feedstock supply and demand to inform strategies and increase the 
resilience of the bioeconomy to climate- and market-induced volatilities


