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FCIC Task Organization

Feedstock Preprocessing Conversion

Task 8: TEA/LCA

Task 2: Feedstock 
Variability

Task 5: 
Preprocessing

Task 3: Materials Handling

Task 6: Conversion 
High-Temp

Task 1: Materials of Construction

Task 4: Data Integration

Task 7: Conversion 
Low-Temp

Task X: Project Management

Task 1: Materials of Construction: Specify materials that 
do not corrode, wear, or break at unacceptable rates

Task 2: Feedstock Variability: Quantify & understand the 
sources of biomass resource and feedstock variability

Task 3: Materials Handling: Develop tools that enable 
continuous, steady, trouble free feed into reactors  

Task 4: Data Integration: Ensure the data generated in 
the FCIC are curated and stored – FAIR guidelines

Task 5: Preprocessing: Enable well-defined and 
homogeneous feedstock from variable biomass resources 

Task 6 & 7: Conversion (High- & Low-Temp Pathways): 
Produce homogeneous intermediates to convert into 
market-ready products

Task 8:Crosscutting Analyses TEA/LCA: Valuation of 
intermediate streams & quantify variability impact

Task X: Project Management: Provide scientific 
leadership and organizational project management

Enabling Tasks



Project Overview

Objectives:
• Provide a web-enabled database 

for  integrating, standardizing, and 
archiving FCIC data intended for 
public release, and for channeling 
integrated datasets to Task 8 
Cross-cutting Analysis.

• Establish controlled vocabularies, 
data standards, and critical 
property specifications for 
biorefinery unit operations and 
process streams within a Quality 
by Design (QbD) framework.

• Deploy a public web portal to 
disseminate FCIC datasets, 
specifications, analyses, methods, 
and software to industry 
stakeholders who will grow the 
new bioeconomy.
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Project Overview

Current limitations: 
• A lack of data standards and public, commercial-quality data servers holds back the bioeconomy by limiting 

dissemination of BETO-funded datasets and software tools for use by equipment designers and biorefineries.
• FCIC R&D teams do not have a modern digital platform to collaboratively assemble and publicly share the massive 

amount of data they generate, and still rely heavily on emailing spreadsheets or share drives to exchange data.
Relevance: 
• This enabling task seeks to make every researcher in the FCIC more efficient and effective by providing a modern, 

commercial-quality platform for collaboration and data sharing across 8 National Labs.
• BETO-funded datasets, models, and QbD tools are now Findable, Accessible, Interoperable, and Reusable (FAIR) in 

accordance with DOE mandates for data modernization. 
• This task directly supports 3 (of 5) major recommendations from the FCIC 2019 Peer Review report (p. 67):

– Develop innovative ways to immerse the national laboratories with industry.
– Establish quality specifications on feedstocks
– Aggressively promote FCIC results and visibility.

Risks: 
• Sustained commitment to data standards and timely data uploading, integration, and dissemination are essential for 

encouraging stakeholder confidence in the FCIC.
• Meeting User Experience expectations and maintaining near 100% uptime are necessary to turn new Data Hub users 

into devoted fans of FCIC knowledge products and tools.
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1 – Management
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Risk Mitigation: 
• LabKey Premium Edition Server Software on the FCIC Data Hub provides:

– enterprise-grade, commercial-quality web application software deployed on the 
Amazon Web Services cloud for excellent uptime and availability. 

– Same-day technical support and weekly meetings with LabKey developers.

• FCIC Data Hub Content Management
– Separate “production” and “development” servers are maintained by a 

professional IT team at PNNL to minimize risks of code deployment and 
software upgrades 

– Datasets and code are compatible with the free, open-source Community 
Edition of LabKey Server to allow legacy access to data if funding for the 
consortium is discontinued.  

Communication strategy: 
• Core Data Hub developers, data scientists, and IT staff coordinate via Microsoft 

Teams and LabKey’s built-in issue tracking system. 
• Funding is provided for “Data Liaisons” at all FCIC NLs to attend biweekly meetings 

and annual meeting.
• Eight hours of online LabKey user and developer training is made available to FCIC 

researchers each fiscal year.
• Feedback sessions with IAB and phased public roll-out during planned for FY21. 

Bioenergy 
Data Hub

Subtask Lead(s) Major 
Responsibilities

4.2 Jim Collett 
(PNNL) and 
Dave Sievers 
(NREL)

FCIC Data Hub 
Infrastructure, 
Tools, and 
Training

4.4 Rachel 
Emerson 
(INL) and 
Dave Sievers 
(NREL)

Facilitating Task 8 
TEA 



2 – Approach

Technical Approach: 
• LabKey workflows for integrating bench-to-

PDU scale experimental data and feedstock 
characterization data within ”Study” data 
structures have been created on the Data Hub.

• Each of the FCIC’s 35 Subtasks has its own 
Study folder wherein datasets, statistical views 
of the data, figures, and text may be 
collaboratively compiled into publications 
supported by curated, downloadable datasets.   
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2 – Approach

Technical Challenges: 
• R&D teams have for generations worked within “silos” within their institutions; finding consensus on interoperable 

data formats, definitions, and protocols to enable the success of the FCIC is an ongoing but surmountable 
challenge.

• Data standards and definitions must originate with the researchers who are experts in their field—some with 
decades of experience.

• Striking a balance to encourage FCIC researchers to share data via the Data Hub while still allowing for 
publishing advantage and patenting.

Technical Metrics:
• LabKey Server is an FDA-compliant database with password protected, role-based permissions and extensive 

activity auditing tools that describe in detail who is using the Data Hub, how often they are using it, and what data 
and information they are accessing.

• LabKey’s built-in survey tools will be used to collect feedback from stakeholders during public roll-out in FY21.
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3 – Impact
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Impact: 
• FCIC research teams across 9 National Labs now have:

– A modern, commercial-quality collaborative platform 
to integrate, standardize, and archive datasets for 
advanced analytics and TEA/LCA.

–

– A web portal with advanced search tools for sharing 
FCIC datasets with industrial stakeholders.

• The Data Hub’s QbD database and searchable Subtasks 
and publications will provide well-documented data and 
evidence for:
– Material properties for biorefinery feedstocks, 

intermediates, and products.
– Process parameters for commercial unit operations to 

facilitate biorefinery scale-up.
– Data that can support market specifications for 

feedstocks, intermediates, and products throughout 
the value chain.

LabKey dataset being used as training data for machine learning to dissect 
corn stover bale quality in real time within Subtask 2.4, Feedstock Variability 
At The Macro-Scale. “BFL GUID” column entries directly link to samples in 
the Bioenergy Feedstock Library at INL.



3 – Impact
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Dissemination: 
• We will promote the FCIC 

Data Hub as the ”go-to” 
platform for datasets on 
feedstock variability and 
biorefinery unit operations via 
webinars, publications, and 
conference presentations.

• High quality, curated datasets 
on the Data Hub will be 
convincing “calling cards” for 
industrial partnerships that 
lead to commercialization 
and deployment of BETO-
funded research.

Home page of the FCIC Data Hub at https://bioenergy.labworks.org/labkey/FCIC

https://bioenergy.labworks.org/labkey/FCIC


4 – Progress and Outcomes



4 – Progress: Finding Knowledge 
and Tools on the FCIC Data Hub

• The Data Hub Web Portal is now online and equipped with a “Data Finder” dashboard for accessing “Study” folders for each FCIC 
Subtask.  FCIC publications may be accessed via the “Publications” tab. 

• Data accruing on the Data Hub are easily Findable and Accessible (per FAIR data guidelines) via a faceted search tool that allows 
users to click on metadata tags to rapidly down-select to Subtasks covering specific R&D focus areas. 
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Faceted 
Search

Tools

Subtask metadata tags now include a range 
of 260 descriptors for analytical methods, 
feedstock types, product types, technology 
pathways, process areas, unit operations, 
process parameters, process stream 
properties, fiscal years active, and 
participating organizations. 



4 – Progress: LabKey Subtask Studies

Technical Approach: 
• Each of the FCIC’s 35 Subtasks has its 

own “Study” home page on the Data Hub

• Studies have links for datasets, analyzed 
data views,  results narratives, 
provenance, publications, and metadata 
associated with the Subtask.

• Subtask Studies provide supporting data 
and information for the 66 “Knowledge” 
and “Tool” products developed thus far by 
the FCIC.
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Tools



4 – Progress: Subtask Data Access 
and Export
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• Harmonized, integrated datasets supporting FCIC publications may be easily found, filtered, sorted, and downloaded to Excel or 
to TSV or CSV text files.  

• The integrated LANL, NREL and INL dataset shown below highlights how the Data Hub enables self-service access to the past 
work of others to supply Interoperable and Reusable FCIC data in accordance with FAIR data principles.

FCIC publication accessible on Web

Data exported to Excel 

Tools



Data Analysis: The Task 4 Team is developing reusable data analysis and automated data processing tools using  
LabKey’s extensive Application Programming Interfaces (APIs) for JMP/SAS, R, Python, Perl, Java, and JavaScript.

4 – Progress: Data Hub Analytical Tools
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R

Tools

(source code visible to users)



4 – Progress: Quality by Design 
Data Integration

Task 4 – Data Integration

Mapping QbD Properties onto 
Technology Pathways

• Process Stream Critical 
Properties

• Unit Operation Critical Process 
Parameters

• Collaborative QbD property 
assignment supports: 
– self-organization of metadata 

into ontologies within the 
FCIC community.

– consensus for defining 
controlled vocabularies and 
units of measure for use 
across the growing 
bioeconomy.

Tools
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• A Process Stream Critical Properties data table was created for managing the assignment of QbD critical material properties to 
feedstocks, intermediates, and products within the High- and Low-Temperature Conversion pathways.

• A related Unit Operation Critical Process Parameters data table was created for assignment of critical process parameters to unit 
operations within the High- and Low-Temperature Conversion technology pathways. 

• Subtask teams and the FCIC PI have reached consensus on a first batch of 164 input material attributes, 85 output quality 
attributes, and 79 process parameters; these data are now being harmonized and uploaded to the database. 

4 – Progress: Quality by Design 
Data Integration

Data shown are not actual and are provided for layout demonstration only

Task 4 – Data Integration

Tools
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Data shown are not actual and are provided for layout demonstration only

• The QbD tables support links to experimental data that may be considered in the assignment of sets of critical 
properties to process intermediate streams or unit operations.

4 – Progress: Access to Data for 
QbD Critical Property Assignment

Tools

17



4 – Progress: Experimental Data 
Integration

• Screenshot shows part of a 
dataset containing 216 records 
with 224 data columns
integrated via a simple SQL 
query from 3 uploaded data files 
containing:

– Feedstock property data 
from INL

– Bio-oil property data and 
pyrolyzer run metadata 
from NREL

– Fuel property data and 
hydrotreater run metadata 
from PNNL

• Stable, reusable SQL code and 
user access to source files 
promotes trust in large datasets 
on the Data Hub for data mining 
analysis and machine learning.

• Performing such integrations 
manually in Excel is time-
consuming and error-prone.
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4 – Progress: Bioenergy Feedstock 
Library integration via Python API

Description
LabKey’s Python API was used to develop an 
automated process for creating Study datasets for 
batches of sample provenance and analytical data 
exported from the Bioenergy Feedstock Library (BFL).

Value of new tool
The tool reduces the need to manually create 
redundant data structures between the two systems 
and represents an additional method to establish 
interoperability between the BFL and LabKey. 

Potential Customers & Outreach Plan
INL researchers can more easily import samples and 
data directly into LabKey that are being tracked for the 
FCIC in the BFL database system.

Creation of LabKey Datasets directly from 
Bioenergy Feedstock Library (BFL) exports

Task 4 – Data Integration

Tools
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4 – Progress: Milestones
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• FY19 Q2: Initial funding received for this new FY19-21 Task
• FY19 Q3: FCIC LabKey Data Hub construction begins on AWS cloud. LabKey also installed locally 

behind firewalls at PNNL, INNL, and NREL for internal data integration and workflow development.
• FY19 Q4: Data from multiple NL teams integrated on Data Hub within 6 “Pioneer” Subtask Studies; 

interoperability with Bioenergy Feedstock Library database at INL established.

• FY20 Q1: A Quality by Design roadmap for FCIC is developed with input from PI and Task leads. 
• FY20 Q2: Preprocessing Area data integration and analysis workflows constructed within LabKey 

Assay and Study data structures on the Data Hub.
• FY20 Q3: Pretreatment Area data integration and analysis workflows constructed within LabKey Assay 

and Study data structures on the Data Hub.
• FY20 Q4: Quality by Design database framework deployed on Data Hub for assigning critical properties 

to unit operations and intermediate streams within biorefineries.

• FY21 Q1: Data Hub Web Portal ready for phased roll-out with FY18-FY20 reports, curated datasets, and 
publications organized into 35 Subtask Study folders accessible to a limited group of industry and academic 
stakeholders for Beta testing and feedback.

• FY21 Q2: Support Task 8 Case Study 1 by uploading and transforming data generated by FCIC 
experimental tasks into datasets with harmonized units and variable names to facilitate analysis. 

• FY21 Q3: Support Task 8 Case Study 2 by uploading and transforming data generated by FCIC 
experimental tasks into datasets with harmonized units and variable names to facilitate analysis. 

• FY21 Q4: Data Hub Web Portal fully open to public and updated with FY21 reports, curated datasets, 
and publications.

Task Status Snapshot
• LabKey Studies created for 

35 Subtasks

• 30 publications indexed

• QbD database property 
assignment underway:

• 164 material attributes
• 85 quality attributes
• 79 process parameters

• 119 Data Hub user accounts

• 8 hours of user and 
developer online training 
provided to 60 FCIC 
researchers during FY20



Summary

21

Management: 
• LabKey Data Hub on AWS cloud is the central collaboration platform for integrating, standardizing, and publicly 

releasing datasets from the FCIC.
• Development/Admin team at PNNL, INL, and NREL; funding provided for Data Liaisons at other FCIC NLs to 

attend twice-monthly meetings, FCIC annual meeting, and 8 eight hours of online LabKey training each year.
Technical Approach:
• Each FCIC Subtask has its own LabKey Study folder into which experimental and feedstock characterization data 

may be uploaded and harmonized to support FAIR data sharing, reuse and integrated analysis across the FCIC.
• The Data Hub Web Portal provides faceted search tools to help users quickly down-select to Subtasks covering 

feedstocks, intermediates, products, unit operations, QbD properties, and publications of interest. 
Impact: The QbD database will provide industrial stakeholders with hundreds of well-documented specifications for 
material properties of biorefinery feedstocks, intermediates, products, and process parameters for unit operations to 
help to define operating envelopes that ensure reliable biorefinery scale-up and performance.
Progress: Data Hub Web Portal is ready for welcoming 1st round of “beta” users such as the FCIC Industrial 
Advisory Board, DFO partners, and BETO-supported R&D teams outside of the FCIC.  It will be continually updated 
with data and knowledge products to support new FCIC journal publications, Task 8 Case Studies, and QbD critical 
property assessments.

Task 4 – Data Integration



Quad Chart Overview- FCIC, Task 4

Timeline
• 10/1/2018 - 9/30/2021

FY20 Active Project
DOE 
Funding

$559K FY19- $795K
FY20- $559K
FY21- $489K
Total- $1,843K

Barriers addressed 
Ct-N: Multiscale Computational Framework toward 
Accelerating Technology Development
Ft-E: Feedstock Quality:  Monitoring and Impact 
on Preprocessing and Conversion Performance
ADO-A: Process Integration

Project Goal
Provide a collaborative computational environment for hypothesis 
development, experimental and modeling workflow management, 
integration of datasets and metadata, and deliverables sharing between 
FCIC subtasks within a uniform Quality by Design framework, as well as 
a portal for public access to FCIC results, data, and software.

End of Project Milestone
Data Hub Web Portal goes live and opens to industry stakeholders and 
public with FY18-FY21 reports, curated datasets, and publications.

Project Partners (N/A)

Funding Mechanism (N/A)
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Thank you!

energy.gov/fcic

Task 4 Team: David Sievers (NREL), Robert Kinoshita (INL), Shaun O’Leary (PNNL), Matt MacDuff (PNNL),
Prerna Prateek (INL), Lorenzo Vega-Montoto (INL), Stan Martin (ORNL), Bruce Wilson (ORNL), Alan 
Chappell (PNNL)

Data and Design Liaisons: Oslo Jacobson (LBNL), Nick Dylla (ANL), Troy Semelsberger (LANL), Ken Sale 
(SNL), Steve Phillips (PNNL), Erin Webb (ORNL), Dave Thompson (INL)

LabKey Software Support and Developer Team: Steve Hanson, Hannah Brakke, Adam Rauch, Chet Chopra

Task 4 – Data Integration 23



Additional Slides



Task 4: FCIC Data Development Workflow
PI Name, Lab
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LabKey study standardization

Description
Creation of FCIC experimental study 
specific metadata parameters 
collected about each Study
Value of new tool
Can potentially facilitate higher level 
data queries and harmonization. 
Potential Customers & Outreach 
Plan
FCIC researchers and leadership. 
This same concept will be applied to 
the Public Facing Web Portal (FY21) 
in order to standardize various 
studies and research hosted through 
this database.

Standardization of LabKey Study metadata 

Tools
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Database Standardization & Streamlining

Analytical Assay Results (long format)

Pivoted Results (filtered for one sample ID)

• LabKey Core Data Infrastructure 
Improvements

Tools

Description
Analytical data stored in efficient “long” 
tabular format consistent with industrial 
database standards. A specimen can 
have multiple entries that comprehensively 
documents each measurement done.
Value of new tool
This database format offers future 
flexibility and documents other data in 
addition to simple analyte information such 
as type of measurement, units, and 
sample lineage.
Potential Customers & Outreach Plan
FCIC researchers benefit from 
comprehensive analysis documentation. 
This same database design can be 
applied within other projects at national 
labs that use LabKey.
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Subtask 4.4: Facilitating Task 8 TEA 
PI Name, Lab

Rachel Emerson (INL) and Dave Sievers (NREL)

Graphic from 
Steve Phillips Task 
8 Lead

Task 4 Data 
Integration
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4 – Progress: Assay Data Integration

Getting Data into LabKey 
• Assay workflows and 

data structures for 
uploading experimental 
data were developed for 
6 “Pioneer” Subtasks.

• Stable data table 
structures and 
harmonized data types 
facilitated rapid 
integration of 
experimental data.
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Data Finder Publications Tab
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Data Hub Wiki Pages
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• LabKey Server provides a 
wide range of “webparts” that 
enable data owners to 
customize their environment. 

• The screenshot to the right 
shows an editable Wiki 
webpart that allows users to 
integrate text and graphics 
into narratives to summarize 
research results.



Publications, Patents, Presentations, Awards, 
and Commercialization

• Collett, J., LabKey for Multicenter R&D on Biofuels and Bio-based 
Products, in LabKey User Conference. 2019: Seattle, WA.
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