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Project Goal

• Objective
– Develop innovative knowledge-based management system that enables 

and supports development of an industry-relevant, commodity-scale 
feedstock supply system

• Relevance to BETO and Industry 
‒ Provides a central interactive repository for quality attribute data to 

support BETO’s 2017 goal of producing optimized dynamic blendstocks 
that meet cost, quality, and volume conversion targets
• Feedstock Quality and Monitoring: Variability presents significant cost and 

performance risks for bioenergy systems; specifications are not currently mature

• Outcomes and Relevance
‒ Deployable analysis tool sets and least-cost formulation model supported 

by robust feedstock quality attribute data   
‒ Provides the foundation for understanding feedstock variability, quality, and 

blend options
– Library provides the mechanism or foundation for valorization of feedstocks 

and understanding of pathways to achieving sustainable energy options 
through incorporation of “exchange-point” quality control
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Quad Chart

Timeline

Partners

Barriers Addressed

Budget
‒ 44 Regional Feedstock Partnership 

Collaborators

‒ Oak Ridge National Lab (KDF)

‒ Washington State University, NARA

‒ NewBio, USDA-NIFA CAP 

‒ Université Laval, Québec

‒ DOT, Volpe National Transportation 
Systems Center

‒ Project start date: 2008
‒ Project end date:  2017
‒ Percent complete: 40% 

– Ft-G, Feedstock Quality and Monitoring
– Ft-J, Biomass Material Properties 
– Bt-B, Biomass Variability
– Tt-K, Thermochem Process Integration

Total 
Costs 

FY 2010  
to 2012

FY 2013 
Costs

FY 2014 
Costs

Total        
Planned 
Funding

(FY 2015)

Bioenergy
Feedstock 
Library

$699K $683K $716K $1,108K

Regional 
Feedstock 
Partnership

$0 $0 $0 $2,000K
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1 – Project Overview

• History
‒ Library initially developed as an in-house system to track, house, and retrieve 

feedstock materials and analysis results created from the DOE Sun Grant 
Regional Feedstock Partnership (Award #GO85041; WBS 7.6.2.5)

‒ Recognized as a complex-wide valuable comprehensive knowledge 
management system

‒ Deployed in 2010 for internal users and incorporating broader user base in 
2012

• Context
‒ Library is an integrated physical repository of raw and processed biomass 

materials, tracking meta-data, quality data, and pedigree information for 
feedstock materials

‒ Application also includes built-in advanced analysis tools

• Objectives
‒ Support INL, other national laboratories, industry, and universities in 

achieving BETO goals and objectives to develop a national-scale feedstock 
supply system

‒ Provides unique data and data services via internet application
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1 - Project Overview

KDF Integration

Least – Cost Formulation Model

Advanced 
Analysis Tools

Store and Retrieve 
Physical Samples   

Store, Retrieve, 
Sample  Data and 
Characterization Data

Biomass Logistics Model

Sample  Data and 
Characterization Data

Results in high impact 
analytics that provide                                               
core platforms with insight 
and guidance

Regional FS Partner

BETO Projects

External Partners
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tracking

Parent Samples
• Harvest
• Stored
• Intermediates

Library

Samples:
Raw

Processed
Reference Matls.
Bulk resources

Data:
Crop

Harvest
Operations
Locations

Characteristics

Tools:
Sample Tracking
Data Processing

Least Cost

Process Demonstration                
Unit

• Drying
• Grinding
• Densification
• Splitting

Analytical Lab
• Composition
• Ash
• Prox. & Ult.
• Elemental

Reg. 
Feedstock 

Partnership

Natl. Labs

Universities

Industry

International 
Researchers

Other Gov. 
Researchers

Reference Matls.
Bulk resources

Harvest 
Data

Process Demonstration                Process Demonstration                Process Demonstration                Process Demonstration                
Processed 
Samples

Raw 
Samples

Operations 
Data

Sample Tracking
Data ProcessingQuality 

Data

Parent Samples

Intermediates

Process Demonstration                
Unit

Process Demonstration                

Sample TrackingSample Tracking

Prepared 
Samples

1 - Project Overview

Bulk resources
Samples

Characteristics

Data/
Analysis
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2012 Design

2013 and Beyond

1 – Project Overview

2017 Design Case: Industry 
Relevant Supply System

Update to SOTs; Examine 2013 
Dockage Estimates
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Library quality data informs the design case and 
SOT reports and drives program decisions
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2 – Approach

• Populate library with relevant feedstock samples 
and attribute data from a wide variety of sources 

‒ Regional Feedstock Partnership

‒ Industrial partners and other research projects

• Provide relevant data in a reliable and usable 
format via improved toolsets

‒ Imperative that we engage other organizations to help 
populate the data sets  

‒ Serve up the library through INL and KDF on the web to 
increase exposure to potential users 

• Continuously improve the analysis                               
toolsets 

‒ Coordinate across research                                           
projects at INL and other national labs to                                   
define critical needs and leverage expertise

‒ Critical that the library show value to 
users to promote their involvement
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2 – Approach

• Success Factors

– Market the library to new users

– Enhance data processing and data                                                 
visualization

– Continue to link data to the core 
platform programs to guide decisions

• Challenges

– Vast variability in data due to different research drivers 

– Complexity and quality of data (pedigree)

– Reaching key stakeholders (universities, research institutes,                 
government agencies, and industry)

• Major Efforts

– Inform the Billion Ton Study update by incorporating quality                    
attributes from Regional Feedstock Partnership sample sets

– Assist in demonstrating the performance of "blended" feedstock options, 
incorporating cost, quality, and volume target metrics
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Data Management

# of Analysis by Type

3 – Technical Accomplishments

• Meta Data
‒ Production location, plant date, and harvest date
‒ Harvest method and weather information

• Feedstock Attributes
‒ Composition (glucan, xylan, ash…..)
‒ Property changes

• Preprocessing Information
‒ Grinding, pelletizing, leaching, and storage

Compositional
2983

Total Ash, 
1967

Moisture 
Analysis 

1012

Proximate 
Analysis, 704

Ultimate 
Analysis, 701 Heating 

properties 
663

Particle, 38

Material 
Storage, 38

Extraction, 18

Elemental 
Ash, 15

Rheology, 13

Pyrolysis 
Conversion, 8
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3 – Technical Accomplishments : Reg FS Partnership

“ Drought effects on composition and yield for corn stover, mixed grasses, and 
Miscanthus as bioenergy feedstocks,” Biofuels 5(3): 275-291, 2014.
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Data analysis demonstrates the effects of drought

• Dry biomass yields were lower for mixed grasses and Miscanthus

• Feedstock composition was significantly different

• Theoretical ethanol yield decreased by 10 to 15%
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User Base

3 – Technical Accomplishments
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Users

Year

Graphical representation of 
sample relationships and 
sample hierarchy

• Extending beyond internal use to 
external partners and public information

‒ Regional Feedstock Partnership 
Institutions

‒ Industry partners 

‒ Other government agencies

‒ Universities
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3 – Technical Accomplishments
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3 – Technical Accomplishments
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3 – Technical Accomplishments
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Automated Analysis Toolset

3 –Technical Accomplishments

• Statistical Data Analysis
‒ Automated statistical tools to 

screen data sets

%Lignin

%Glucan

%Xylan

%Lignin

%Glucan

%Xylan
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3 –Technical Accomplishments

Advanced Data Analysis Tools

Current development:

• Self-organizing maps

‒ Data visualization

• Blending design

‒ Statistical prediction

• Least-cost formulation

A single feedstock limits the ability to 
meet cost and quality targets

Formulation options enable utilization 
feedstocks lower on the supply curve

0 20 40 60 80 100              

$/Ton  
Biomass supply curve illustrating cost & volume 
dynamics
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3 – Technical Accomplishments: Least-Cost Formulation

Least-cost formulation effort focused on incorporating cost, volume 
and quality metrics into the formulations/blending options

CORN STVR

PERNGRASS
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4 – Relevance

• BETO Design Case and SOT
‒ Design Case: Provides quality data for setting technical targets and cost-

of-production goals for assessing technology progress and validating 
processes at increasing scale and integration

‒ SOT: Provides foundational experimental results relative to technical 
targets and cost goals from designs to assess progress within and across 
relevant technology areas

• Impact
‒ Foundation for feedstock industry implementation of FGIS approach, 

exchange-point specifications, and valorization
‒ Unique database provides detailed data for more flexible analysis
‒ Spatial-temporal data from multiple feedstocks

• Stakeholders
‒ Researchers: Provides the foundation for understanding feedstock 

variability, quality, and blend options   
‒ Industry: Addresses understanding of FS attributes and impacts of 

logistical processes 
- Policy Makers: Clear understanding of pathways to achieving sustainable 

energy options through incorporation of “exchange-point” quality control
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5 – Future Work: 

Statistical options for visualizing 
feedstock attributes (e.g., % Glucan)

Initiatives:
• Improved variability tools

‒ Integrate with KDF for increased 
number of data points

‒ Intelligent prediction of sources of 
variability 

• Improved usability, user 
experience, and outreach

• Develop data mining tools 
‒ Improve visualization of data
‒ Look for patterns in results

• Mobile tools
‒ Improve sample tracking
‒ Ease of data upload
‒ Image capability
‒ Location information

• Tools to identify impacts of pre-
processing on characteristics 
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Summary

• Overview
‒ Develop innovative knowledge-based management system that enables and 

supports development of a commodity-scale feedstock supply system for the 
nation

• Approach
‒ Populate library with relevant feedstock samples and attribute data from a 

wide variety of sources 
‒ Provide relevant data in a reliable and usable format via improved toolsets

• Progress and Results
‒ Deployment of automated statistical tools, conversion pathway mapping, 

blending design, and least-cost formulation
‒ Significant collaborative effort with RFP to incorporate high-impact quality data  

• Relevance
‒ Provides a central interactive repository for quality attribute data to support 

BETO’s 2017 goal of producing optimized dynamic blendstocks with cost, 
quality, and volume conversion targets

• Future Work
‒ Improved knowledge extraction from data
‒ Integrated models for supply-chain feasibility
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5 – Future Work: 

2 3 4 5 6 7

Goal: 

• Expand knowledge base 
within library to establish 
foundation for exchange-
point characteristics

• Bound variability to 
establish foundation for 
grades and specifications 
through quality by design 
approach

Consistency           
& Knowledge

7

Consistency           Consistency           Consistency           
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Database Population
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3 – Technical Accomplishments

• 79,000 samples tracked

• 1,700,000 sample data points

• 30,000 characterization values

• 60 projects

• 135 crop types (including blends)

Year

7038

6042

1001

497
367

308

270
257

206 154
150

940

OSU 2010

Regional
Partnership
NIR Modeling

OSU 2012

SUNY

Preprocessing

North Carolina

Industry 1

ThermoChem

Industry 2

Industry 3

Other

# of Original Samples by Project
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3 – Technical Accomplishments: Reg FS Partnership

NIR Predicted Composition
n=2037

Corn Stover, 
686

Energy cane, 
487

Switchgrass, 
215

Miscanthus, 
204

Mixed 
Grasses, 359

• Sun Grant Regional Partnership provides significant 
input for feedstock data

• Incorporated in the Bioenergy Feedstock Library
‒ 2009 through 2014 sample sets; n≈6000 
‒ Compile pedigree and analytical data 

• Collect quality data for “high impact” FSs 
• Data supports RFP synth and design case report, 

SOT, blend options, and analysis
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5 – Future Work: 

Goal: 

• Increase usability and impact 

• Expand use of the library

• Provide data and analysis options 
not available anywhere else

• Tool shadowing in KDF

• Incorporation of predictive blend 
tools

• Deployment of least-cost 
formulation tool
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Acronyms

• BC – biochemical

• BETO – Bioenergy Technology Office

• BFNUF – INL Biofuels National User Facility

• CAP – Competitive Grants Program

• CoPI – Co-Principle Investigator

• FGIS – USDA, Federal Grain Inspection Service

• FS – feedstock

• FY – fiscal year

• KDF – Knowledge Discovery Framework (online collaboration toolkit and data resource)

• NARA – Northwest Advanced Renewables Alliance

• NIFA – National Institute of Food and Agriculture

• NIR – near infrared spectroscopy

• RFP – Regional Feedstock Partnership

• SOT – state of technology

• SUNY – University at Albany, State University of New York

• TC – thermochemical

• USDA – U.S. Dept. Agriculture

• WBS – work breakdown structure
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