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FCIC Task Organization

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

Feedstock /Preprocessing Conversion ,
/ 4 Task 1: Materials of Construction: Specify materials that

do not corrode, wear, or break at unacceptable rates

Task 5: Task 6: Conversion
Preprocessing High-Temp

j . . Task 7: Conversion . -
Task 1: Materials of Construction Low-Temp Task 3: Materials Handling: Develop tools that enable

continuous, steady, trouble free feed into reactors

Task 3: Materials Handling

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

Enabling Tasks

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

Task X: Project Management

- Task 6 & 7: Conversion (High- & Low-Temp Pathways):
Task 4: Data Integration Produce homogeneous intermediates to convert into

[Tasks:TEALCA | e P




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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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. )\H]

FCIC R&D teams do not have a modern digital platform to collaboratively assemble and publicly share the massive BERKELEY LAB
amount of data they generate, and still rely heavily on emailing spreadsheets or share drives to exchange data.

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. , ;ﬁs —
BETO-funded datasets, models, and QbD tools are now Findable, Accessible, Interoperable, and Reusable (FAIR) in
accordance with DOE mandates for data modernization. Nhunow
This task directly supports 3 (of 5) major recommendations from the FCIC 2019 Peer Review report (p. 67): TLIESHo0ey
Develop innovative ways to immerse the national laboratories with industry. *sNREL
Establish quality specifications on feedstocks =
Aggressively promote FCIC results and visibility. % OAK RIDGE
Sustained commitment to data standards and timely data uploading, integration, and dissemination are essential for P o, Lo
encouraging stakeholder confidence in the FCIC. .
Meeting User Experience expectations and maintaining near 100% uptime are necessary to turn new Data Hub users {s“;gt}n‘:‘jif?(',ﬂes

into devoted fans of FCIC knowledge products and tools.
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FCIC Data Hub
Infrastructure,
Tools, and
Training

Facilitating Task 8
TEA

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.

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.
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2 — Approach

Technical Approach: ~ Experimental ~ Project Managers

. (Assay) Data ; :
- LabKey workflows for integrating bench-to- . Management B
PDU scale experimental data and feedstock . A =
characterization data within "Study” data . = :
structures have been created on the Data Hub. | EEEEEEEEE, : - Journal Articles,

s SIIn . Datasets, & Models
. Each of the ECIC’s 35 Subtasks has its own | = : .................................................................................... T :

Study folder wherein datasets, statistical views . Standardized

of the data, figures, and text may be - Data, Protocols, . o 5 |
A, y C _ e ; abKey Studies z - :
collaboratively compiled into publications { and UG Controls (1 per’éubtask) . | Cross-Task Teams |
supported by curated, downloadable datasets. - —=———
P I —» o
_ - . Task8 Analysts
' lmutl monTm:m ‘unn Datsbase | Bzomass Dsts Teols I Data . : Studies

GUID List Seasrch - i %

Adapted from BMC Bioinformatics volume 14, Article number: 145 (2013)
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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.

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

Impact:
. FCIC research teams across 9 National Labs now have: 2 fCIC soenerg vata s 4 E e
— A modern, commercial-quality collaborative platform FCw | TaskPortals v Studies v overview | | oeevens | 1 | s | |
to integrate, standardize, and archive datasets for Pataset: Images RGB Experiments
advanced analytics and TEA/LCA. v oame e & PR Vs ©
— A web portal with advanced search tools for sharing . e e e e | | o s |image O]
FCIC datasets with industrial stakeholders. Teionass
HMHA_Bale1001_Core10 2018-09-19 f;gi; SC’S'DSE P1060127.JPG l-ngd{éy_j“P“g'“ T GaRcae e .-l - Brag
- The Data Hub’s QbD database and searchable Subtasks _ cscoBeze- el e |
and publications will provide well-documented data and N A i | & e
evidence for: AOE28506
. . . . HMHA_Bale1001_Core12 20180919 o= ™ P1060123.0PG ] B & &=
— Material properties for biorefinery feedstocks, $423BEFAFFAC
intermediates’ and prOdUCtS' HMHA_Bale1021_Core10 | 2018-09-19 2‘5’5[”45‘ P1060107.J°G [l PIGEO'DSPG- pios0100.0rG [ Bl Braq
— Process parameters for commercial unit operations to s s
faCiIitate bioreﬁnery Scale'up' HMHA_Bale1021_Core11 2018-09-19 35:;;:D P1060131.JPG [l P10s0132. PG [l P10s0133.0pc I IEN Brad
— Data that can support market specifications for LabKey dataset being used as training data for machine learning to dissect

feedstocks, intermediates, and products th roughout corn stover bale quality in real time within Subtask 2.4, Feedstock Variability
the value chain. At The Macro-Scale. “BFL GUID” column entries directly link to samples in

the Bioenergy Feedstock Library at INL.

<
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— Impact

Home Page: /FCIC x +

< c

® DoubTime

@ bioenergy.labworks.org,

ii Apps ES ChemBioLIMS ES ProQuest & Journ... Wallet B5 FCIC @ LKsupport E5 PNNL % Bookmarks B NREL [E5 BigList E5 BETO ES LabKey $ Covid-19 Checklis.. % Microsoft Visio for...

Dissemination:

* We will promote the FCIC
Data Hub as the "go-to”
platform for datasets on
feedstock variability and
biorefinery unit operations via -

< fclc Bioenergy Data Hub Q # & JmcCollett

FOC v k Portals v Studies Home Page I

to the k-Ci Interface Consortium (FCIC) & - Data Hub Resources -

The Feedstock-Conversion Interface Consortium (FCIC) is a collaborative effort among researchers from 9 National Laboratories who are sponsored and led by the DOE's
Bioenergy Technologies Office:

Access Your Task Project Portal

Find Milestone Reports

Argonne National Laboratory (ANL)
Idaho National Laboratory (INL)
Lawrence Berkeley National Laboratory (LBNL)

Los Alamos National Laboratory (LANL) Oak Ridge National Laboratory (ORNL)
Pacific Northwest National Laboratory (PNNL)

Sandia National Laboratory (SNL)

View FCIC's current Critical Property Database NEW

Please let Jim Collett or Rachel Emerson know
if you have any questions or concerns.

National Energy Technology Laboratory (NETL)
National Renewable Energy Laboratory (NREL)

Jim Collett Rachel Emerson
The mission of the FCIC is develop knowledge and tools to understand and mitigate the effects of biomass feedstock and process variability on biorefineries. The consortium james. gov rachel @inl.gov
H H H Al is organized into 8 complementary Task areas: (1) Materials of Construction; (2) Feedstock Variability; (3) Materials Handling; (4) Data Integration for Quality by Design; (5) 509-372-6345 208-526-1931
We I n a rS y p u I Ca I o n S y a n LosAlamos  preprocessing; (6) High Temperature Conversion; (7) Low Temperature Conversion; and (8) Crosscutting Analyses.
paRcaAL The square tiles in the Data Finder tool below provide links to information, data, tools, and publications produced by Subtask Study teams within each of the FCIC Tasks. The Key References

faceted search tool to the left of the tiles allow you select categories to filter the Subtask Study tiles according to your interests. The Publications tab takes you directly to a

bibliography of FCIC publications. FCIC FY21 Quad Charts - All Tasks

conference presentations.

BIOENERGY TECHNOLOGIES OFFICE - 2019 R&D State
of Technology

BETO Chart as of 10/6/2020

* High quality, curated datasets

Herbaceous Feedstock 2018 State of Technology

. Report
on the Data Hub will be
Woody Feedstock 2018 State of Technology Report
. . . ‘Summary clearall Q@ |Studies Quick Help » Manage Data
convincing “calling cards” for Comrwaton of Lignouoh ot emes s Frrosa
i ion of Li ic Bi It
g g Siudea 2 1k TO1.01P1 | |12 T01.02P1 | |13 T01.03P1 | |21 T0201P1 | |22 T02.02P1 bbb ot
Subjects 0 MATERIALS OF CONSTRUCTION MATERIALS OF CONSTRUCTION MATERIALS OF CONSTRUCTION FEEDSTOCK VARIABILITY FEEDSTOCK VARIABILITY Y o

industrial partnerships that

9 Fiscal Years Active

clear

Hydrotreating Bio-oil Pathway “The 2017 Design Case”

Process Design and Economics for the Conversion of

VIEW SUMMARY GO TO STUDY * VIEW SUMMARY GO TO STUDY VIEW SUMMARY GO TO STUDY * VIEW SUMMARY * GO TO STUDY *» VIEW SUMMARY * GO TO STUDY *»
H H H | FY18 11 < Wear | Wear In Low-Te Mechanics Of W Variability, T d Vearabliivd Ot Lignocellulosic Biomass to Hydrocarbon Fuels
Iead to CO m m e rCIa I |Zat| O n ] ear In Prepi 5 Wear In Low-Temp lechanics Of Wear ariability, Iranspon a'nI i M:ar:a |l|ty mplac::swtl) rganic, Thermochemical Research Pathways with In Situ and
1 FY19 1/1 A ERISTe VR ABLRS reconversion :yp::s;stlc impacts of Inorganic olecular-Scale CMAs Ex Situ Upgrading of Fast Pyrolysis Vapors
n d d I n t f B E TO 1 FY20 11 1 MANUSCRIPT AVAILABLE » 3 MANUSCRIPTS AVAILABLE » Labikey Server: An open source platform for sclentific
a e p Oyl I Ie O - o Fv2n 171 2 MANUSCRIPTS AVAILABLE » datal jon, analysis and
Understanding Ph: utical Quality by Desi
f n d e d re S e a rC h 9 Study Type clear | |23 T0203P1 | |24 T0204P1 | |25 T0205P1 | |31 T03.01P1 | |32 T.03.02P1 miderstanding Phinrmaceutical Quafly oy, Dasign
u . e * ERABIR 07T VARIABILITY FEEDSTOCK VARIABILITY FEEDSTOCK VARIABILITY MATERIAL HANDLING MATERIAL HANDLING
1 "9 Through FAIR Data Delivery
= Expenmemal 30/30 VIEW SUMMARY * GO TO STUDY» VIEW SUMMARY » GO TO STUDY » VIEW SUMMARY » GO TO STUDY * VIEW SUMMARY * GO TO STUDY VIEW SUMMARY GO TO STUDY
] Modeling 2/2 Feedstock Variability At The Feedstock Variability At The Data Analytics For Identifying Continuum Modeling For CFD Modeling For Screw Feeders
Micro-Scale Macro-Scale CMAs Feedstock-Handling Equipment
9 Feedstock Type clear
3 MANUSCRIPTS AVAILABLE » 3 MANUSCRIPTS AVAILABLE » 2 MANUSCRIPTS AVAILABLE 3 MANUSCRIPTS AVAILABLE
[71 Corn Stover 11
| Loblolly Pine 1/1 ched File
33 T.03.03.P1 34 T.03.04.P1 35 T.03.05.P1 3.6 T.03.06.P1 5.1 T.05.01.P1 R FCIC FY21 All Tasks Quad Charts.pdf
2 Product Type lear MATERIAL HANDLING MATERIAL HANDLING MATERIAL HANDIING MATERIAL HANDIING R BETO Org Chart_Feds and

"] Diesel Blendstock

Home page of the FCIC Data Hub at htips.//bioenerqy.labworks.org/labkey/FCIC

Contractors_10062020.pdf
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Tools

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.

AeiC seceryowmiun i Subtask metadata tags now include a range
oamoee e of 260 descriptors for analytical methods,

el 3 -1 feedstock types, product types, technology

o~ ml The Feedstock-Conversion Interface Consortium (FCIC) lsacollaéovatlw effort among\reswchevs from 9 National Laboratories who are sponsuredbj(the DOE's Bloenergy Technologles Office :::::::::,:« Portal pathways , p rOCeSS a reas , u n it 0 pe ratio n S ,

= Argonne National Laboratory (ANL) Los Alamos National Laboratory (LANL) Qak Rwr:ge National Laboratory (ORNL)
Idaho National Laboratory (INL) National Energy Technology Laboratory (NETL)  Pacific N est National Laboratory (PNNL) YiewFeicw cyssant Ocsionl Prepacy Dvtabage - (fEW roceSS a ra m ete rS roceSS Strea m
Lawrence Berkeley National Laboratory (LBNL)  National Renewable Energy Laboratory (NREL}  Sandia National Laboratory {SNL) Please let Jim Collett or Rachel Emerson know ’
if you have any questions or concerns. . . .
The mission ofthe FCIC is develop knowledge and tools to understand and mitigate the effects of biomass feedstock and process o The into8 PRES fuchibome rope rt|e S f i Scal ears actlve an d
3 complementary Task areas: (1) Matenials of Construction; {2) Feedstock Variabidity; (3) Matenials Handling; (4) Data Integration for ()u\h(y hy I)Mq n; (5) Pmpmn«um, (5) High h\mp(-v mm (nnmsmn (7) Low arnes wolettPonal gov rachel. emes son ek gor ) [)
Qax e Los Alamos Temperature Conversion; and (8) Crosscutting Analyses. 509372 6345 2085261931 . . . . .
The square tiles in the Data Finder tool below provide links to information, data, tools, and publications produced by Subtask Study teams within each of the FCIC Tasks. Biue tiles indicate Subtask Studies that a r | I CI at I n o r' a n I Zat I O n S
are associated with journal articles and reports from the FOIC that are available via the Internet. The faceted search tool on the left side of the Data Finder enables you to select categories that filter the Subtask Key References -

Study tiles according to your interests. The Publications tab takes you directly to a bibliography of FOIC publications.
FOIC FY21 Quad Charts - Al Tasks

WOENERGY TECHNOLOGIES OFFICE - 2019 RAD State

of Technalogy T.03.05.P1 Bulk Flow Characterization
BETO Organizatienal Chart as of 10/6/2020

Data Finder

Herbaceous Fesdstock 2018 State of Technology

Report
Q jswses Quk Halp 1 Manage Bate

Sruges

Woudy Feedstock 2018 State of Technology Report
n
11 ook 12 101028 13 03P | |23 rozoim 22 T020291 | 23 1020321 Feodstock Supply System Design and Economics for
oM MATTRIALS OF CONSTRUCTION FLEDSTOCK VARMSLITY FrrosTook Vasmanury FLEnsTooK VARIABRITY Conversion of Lignocetiuosic Blomass 10 Hydrocarbon
Fuels Conversion Pathway. Fast Pyrolysis and
Fiacal Years Active cH VIEW SUMMARY ¢ 60 10 STUDY VIEW SUMMANY + GO TO STORY VIEW SUMMARY ¢ G0 10 STUDY VW SUMMARY & GO TO STUOY VIEW SUMMARY ¢ GO 10 ST00Y » VIEW SUMMARY ¢ GO TO STUDY Hydrotreating Bio-oll Pathway “The 2017 Design Case”
Fris Faceted v Equipment Wear In Preprocessing | Equipment Weat In Luw-Temp. Mechanics Of Wear Variabiity, Transpoet s Variability knpacts of Orgaeic, Feedstock Vaciabilty At The Process Deeign and Economics for the Comversion of
1y 1 e AL i Precomversicn Syneegistic impacts of Inorganic Molecular Szale CMAS Micro Scale Lignocellulosic Biomass to Hydrocarbon Fusls
V20 7 T MANISCRST AVAABLE el 3 MANICRIPTS AVARABLE Thermochemical Research Pathways with In S2u and
" Ex Sity 12 of Fast Pyrolysis Vapors
- Search Csonis mchns e

LabKey Server. An open vource platfs
24 T0204P1 | |25 T0205P1 31 TP | |32 To02P1 33 703,035 ! data integration, snaly caliaberation
FrrosToex Vamaniry FriosToox Vasasury MaTTRIAL HANDUNG MATTRIAL HANDUNG MATTRIAL HANDLUING

Understanding eunical Quality by Design

* Vigkdlity cloar
Operational
Public VITW SUMMARY . €8 TB ETUBY VIEW SUMMARY + 00 TO STUDY 4 VIW SUMMARY ¢ B0 TO STUDY + VAW SUMMARY 80 T0 STUDY VIEW SUMMARY . G0 TO STUSfr

Feedstock Variabiity M The Data Analytics For Identifying Cont % g For Medels for
Macro Scale CMAs Feedatock Handing Fqupmant Fundamental Particle Flow

VIEW SUMUARY . B0 YO BTUDY «

Bulk Flow Characterzation

Technology

Theough FAIR Data Delivery

€ MANUSCRIPTS AVAR ABUE

3 MANUSCRITS AVAILABLE I MANGICRITS AVARABLE 3 MANUSCRIBTS AVAILABLE e ALwceNy
3 MANVICHP TS AVARASLE

37 T0307P1 | S1 Tosmel | | 52 T0s02P1 | |53 TOS03P1 54 T0s04P1
MATERAL HANDUNS PREPROCESSING PREPROCESSING PREPRCCESSNG PRDROCESING
verw SUMMARY ) 68 TO STUBY W SUMMARY . 0070 STUSY VIEW SusARY | 80 70 STUDY VHWSUMMARY . BOTOSTUDY: | | VIEWSUMMARY . GOTOSTUSY VIOW SUMAARY | 8010 STUDY |
Partcle Scale Property QbD Foe Law Temp Prepeacessing  Qaulty by Dosign for High Temp | | Preprocessing Effects Of Low Semuiation Of Biomass Machine Visicn For Foedstock
Messurements Preprocessing Temp Mechanics And Qualty

' AVAILASLE 1 MANUSCRIPT AVARABLE 2 MANUSCRIFTS AVAILABLE 3 MANUECHIPTS AVAILASLE 1 MANUSCRIPT AVAILADLE

Gdgoline Blendstock
ridiog 61 T0601P1 | |62 T0802P1 63 T0603P1 |64 To604P1 71 T0701M | |72 707021

HIZH J Low g Low
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C fcic Bioenergy Data Hub

FCC v Task Portals v

4 — Progress: LabKey Subtask Studies

Overview: [FCIC/FCIC Task Wo X +

(¢]

& bioenergy.labworks.org

Studies v

T.03.05.P1 Bulk Flow Characterization

Subtask Description &

Subtask Description

Description

The objectives of this subtask are to measure physical and i of biomass to y represent their in and flow
behavior in addition to quantify with varied MAs to supply FEM/DEM models it and ive flow i in shear testers as well

as hopper and auger unit operations. Another outcome from this work will be to develop and disseminate a methods roadmap, in collaboration with all
Subtask 3.5 for izing critical flow of novel The major subtask outcomes will be to identify MAs
impacts on bulk shear and flow performance (CQA) and provide model validation and calibration data sets for subtasks 3.1,3.2, and 3.3 in

lination with the other i tasks 3.4 and 3.6. This will lead to the ability to design biomass conveyance systems for a wide range of
operational conditions and materials in coordination with the modeling outcomes.

Multiscale bulk flow characterization

ped r
material attributes and resulting
shear and bulk flow properties.

Current Knowledge Gap
Current state-of-the-art particle mechanics and granular flow models
were developed in soil mechanics with test methods appropriate for
incompressible, regular solids.

- These test methods do not directly extract equivalent properties for
biomass because of the complex interactions of biomass anisotropic

e compressibility, bulk creep, surface properties and morphology, and
5 heterogeneity/variability.

Current quasi-static test methods and properties do no directly predict or

indicate flow performance in pilot equipment such as has been developed

for powders and soils.

Achievement

" . - Develop multiscale characterization methods and pair with flow validation
emaer data to correlate material attributes with bulk flow performance, and lab-

i scale flow inception and critical state shear properties.

Relevance
Understanding how characterization methods and material properties
impact flow performance will allow for better materials characterization by
academia and industrial stakeholders, as well as more robust testing and
equipment design for broad bioenergy feedstock.

<

.
Subtask Topics, Publications, and Provenance - d at a e S
views,
Study Short Name _ Label ‘Start Date EndDate  Investigator  POC PoC2

T.03.05.P1 T.03.05.P1 Bulk Flow Characterization 2018-10-01 00:00

Participating Organizations ~ Name

INL - Idaho National Laboratory

NREL National Renewable Energy Laboratory
PNNL Pacific Northwest National Laboratory

Jordan Klinger Troy Semelsberger

associated

the FCIC.

Tools

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

results narratives,

provenance, publications, and metadata

with the Subtask.

» Subtask Studies provide supporting data
and information for the 66 “Knowledge”
and “Tool” products developed thus far by

Subtask Publications

abications

Impacts of Biological Heating and Degradation during Bale Storage on the Surface Properties of Corn Stover
dependent Drucker-Prager/Cap model for ring shear simulation of ground loblolly pine

A Review of Computational Models for the Flow of Milled Biomass Part II: Continuum-Mechanics Models

AReview of Computational Models for the Flow of Milled Biomass Part I: Discrete-Particle Models

Feedstock Types
Corn Stover

Product Types
Diesel Blendstock

Task 3 — Material Handling '

Loblolly Pine Gasoline Blendstock
Technology Pathways Relevant Unit Operations
hnology Pathway Process Area Unit Operations
Direct Liquefaction & Upgrading of Dry Feedstock Conversion Hopper Feeding
Low Temperature Conversion & Upgrading of Dry Feedstock Preprocessing Pyrolyzer Feed Screw

Screw Conveyor

QbD Process Parameter
Eced Raty

QbD Process Stream Property
Bulk Densif

ACS \,
Sustainable
Chemistry« Engineering

pubs acs.org/journal

Research Article

Impacts of Inorganic Material (Total Ash) on Surface Energy,
Wettability, and Cohesion of Corn Stover

Juan H. Leal,* Estrella L. Torres, William Travis Rouse, Cameron M. Moore, Andrew D. Sutton,
Amber N. Hoover, Chenlin Li, Michael G. Resch, Bryon S. Donohoe, Allison E. Ray,
and Troy A. Semelsberger*®

J Cite This: ACS Sustainable Chem. Eng. 2020, 8, 2061-2072 I:I Read Online

ACCESS |

Ll Metrics & More | Anticle Recommendations | @ Ssupporting Information

ABSTRACT: The impacts and variability of inorganic material
(measured as total ash) on surface area, surface energy, wettability,
and cohesion of corn stover samples from lowa were examined. The %
impact of total ash on the acid component of surface energy was ~
determined to be significant with the acid component increasing | "

with increasing ash content, in particular, the samples with total ash ;

contents greater than 10%. Negligible effects with ash content were
observed on both the dispersive and base components of surface
energy. The work of cohesion for the compositions of cor stover
with varying amounts of total inorganic matter increased with
increasing total ash content, giving rise to potential bulk solids : T T
handling and transport challenges related to segregation, agglom.-
eration, rat-holing, arching, and discontinuous flow patterns. Both
the wettability (hydrophilicity) and work of cohesion increased for compositions of com stover with increasing total inorganic
content. Washing proved effective at removing extrinsic inorganic material from com stover with a reduction in total ash content
from 20.4% to 6.2%, accompanied by a significant reduction (from 85.6 to 42.5 m]/m?) in the acid component of the surface energy.

KEYWORDS: Surface energy, Corn stover, Ash, Surface area, Wettability

b ]

Ihdphitiity (7 )

Total Work of Cobesion

Acid-Base Ratio (/) Total Ash (%)
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4 — Progress: Subtask Data Access

and Export

Tools

« 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.

Sustainable

Chemistry: Engineering

Impacts of Inorganic Material (Total Ash) on Surface Energy,
Wettability, and Cohesion of Corn Stover

Juan H, Leal* Estrella L. Torres, William Travis Rouse, Cameron M. Moore, Andrew D. Sutton,
Amber N. Hoover, Chenlin Li, Michael G. Resch, Bryon S. Donchoe, Allison E. Ray,
and Troy A. Semelsberger*

| heseascs s |

FCIC v Task Portals v

< fc‘c Bioenergy Data Hub

Studies v

orn Stover N2 Surface Area and Compositional Analysis ©57.03.05.p1 Bulk Flow Characterization

Q £ & JimcCollett

) I Data Views I

B &~ B 1-370f37 ~
-1
o
< Bcolumns.
] i
o i, “! 4 O Excel Old Binary Workbook (.xls) Maximum 65,536 rows and 25§ columns
The woek of cobesion for the of c | K ~ R
e i ol Tt s il § O Refreshable Web Query (.iqy)
tal ach o tial bulk sobds vy
Mh-a-.:- " chulrges e ':-?'w"‘ von, aggiom e Column headers:” Caption v
ention, ns nd irsoas flow patterna. Both
the tabwlt o ) and work of cobwdion mcreased for oo of o stover with =
S R e o o Rl o R

remarving extrimic sorgams
from 20.4% 80 6.2%, sccompanied by & significant reduction (from 356 10 42.5 m)/m’) in the acid component of the surface energy.
KEYWORDS: Surfoce energy, Corn stover, Ash, Surfoce area, Wettabiley

Experiment Name Composition Sample ID Sample INL GUID Ash  Moisture LANL GUID Average N2 Assay NREL GUID Ash TX Al203 CaO Fe203 K20 MgO MnO Na20 P205 Si02 TiO2 SO3
FCIC publlca t,on acceSSIbIe on W Class Class Surface Area M2 Date Wt% ug/g wt%  Wt%  Wi%  wi% wi%  wi%  wit%  wt%  wi%  wt%  wi%
o G
LT Baseline Ash Speciation ca03f467-348d-e944- ca03f467-348d-e944- 61d60b5d-87ad-804e-
LMLA_Bale11_S: t1 ; 19- : A g ) 1 ) ; ] ; 49 64, .26 1.
Analysis After 2nd Stage Grinder Bale11 Segmentl | o s ghadtzcesie. | [T 94c4-9badff2cc3fc Skl ip oo s s || kil sRi) Gl SRATRIGIS ne| UG | ] 2 KR Wl STk
LT Baseline Ash Speciation fa8f3731-0154-1b41- fa8f3731-0154-1b41- 61f4e57e-ece4-5848-
Analysis After 2nd Stage Grinder LMLA_Bale11_Segment4 889-b4b20808bc93 LA LM 889-b4b20808bc93 0.746 2019-05-23 20b4-10867e698d 8.94 1750.0 6.32 592 199 894 327 008 099 256 658 028 1.31
LT Baseline Ash Speciation £2772330-12f2-bc40- £2772330-12f2-bc40- dcbec9a4-525d-294d-
Analysis After 2nd Stage Grinder LMLA_Bale11_Segment6 26d0-218d10571bbde LA LM 26d0-218d1051bbde 0.732 2019-05-23 285d-220¢52018536 8.07 1730.0 557 6.09 1.71 11.09 322 0.06 091 274 6717 025 1.38
LT Baseline Ash Speciation 4¢383541-55dc-2441- 4c383541-55dc-2441- 372bf554-6f11-d742-
LMLA_Bale12_S t2 LA LM 0.842 2019-05-23 9.48 1630.0 6.58 541 202 95 3.0 0.08 108 237 6818 029 1.26
Analysis After 2nd Stage Grinder S 91e0-a79f5a6c9060 91e0-a79f5a6c9060 bc74-8c85dabaScdf
LT Baseline Ash Speciation cfe01ch9-8d28-f34c- cfe01cbh9-8d28-f34c- ad54c824-1ee6-5642-
LMLA_Bale12_S t3 LA LM 0.667 2019-05-23 557 1170.0 5.07 7.52 1.61 13.22 44 0.07 078 341 5912 023 1.62
Analysis After 2nd Stage Grinder -Bale12_Segmentd  goe7 970c4aafc541 8987-970c4aafc541 8981-6aec8bdb566a
LT Baseline Ash Speciation 1c2a8dcf-1ead-ad48- 1c2a8dcf-1ead-a448- 4fa560ea-b90d-da4f-
LMLA_Bale12_S 14 LA LM 0.772 2019-05-23 6.73 1490. 5.29 .9 177 1293 371 0.08 0.78 .56 61.5 0.26 1.62
Analysis After 2nd Stage Grinder -valelesegmentd g 9b-501589f2502d 8a9b-591589f2502d q a5ab-077afca7d535 g 5 & 3
LT Baseline Ash Speciation cb28b1a0-8251-cfde- cb28b1a0-8251-cfde- 7a885eba-e618-6d41-
LMLA_Bale12_S: t5 i 19+ X ; ; ; 1.94 9. § ] i ! ; . ;
Analysis After 2nd Stage Grinder CRala12 Segmenth  |urhe afobestassh: [ || 8188-cafOba6feeSb 0231200905280 hReaasar, || o oo 0] |68 5.6 :34 (840 5802 | .07 O3 BS.01 66394 10.281 5133
D d to Excel ;L:;Z‘i"s":eﬁ:f;;pgfz;°gm der  LMLA Bale12 Segments ;3;2?33:7;;32;3;;;' LA LM ;:gf;:;g?gg':;;;’ 0.839 20190523 233?;:2:;;‘;2’:? 804 14700 603 60 1.99 109 316 008 084 314 6531 03 147
ata exported to Exce -
13
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4 — Progress: Data Hub Analytical Tools

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 JIMP/SAS, R, Python, Perl, Java, and JavaScript.

Corn Stover N2 Surface Area and Compositional Analysis ©7.03.05.p1 Bulk Flow Characterization

|. &£v B

Exce! Text Script

avaC) JavaScriptO Perl O Python
® R ) O sas O Stable URL

Create Script

1-370f37 -

By o e e [ D [T s ) e i -

LT Baseline A
After 2nd Stad N2 Suface Area vs. COMPOSItion © 103051 Bulk Fiow Craracterzation
LT Baseline A{ Sowse || e

After 2nd Stad 4 sve oupat

LT Baseline A: e
After 2nd Stag
LT Baseline Ag
After 2nd Sta( -
LT Baseline Ag
After 2nd Stag
LT Baseline A
After 2nd Sta( §
LT Baseline A: §
After 2nd Stag buici
LT Baseline A
After 2nd Stag
LT Baseline A
After 2nd Stag

Average ?.ﬁlm Surfave Arva m2ly

0.667 2019-05-23 8981-6aec8bdb)

4fa560ea-b90d:

0.772 2019-05-23 077afca7d535
7a885eba-e618
0.79 2019-05-23 a560-ada036a4

0.839 2019-05-23 "sgfs"'g*’b:e“

Experiment Name Composition Sample ID Sample INL GUID Ash Moisture  LANL GUID Average N2 Surface  Assay NREL GUID Al203 Ca0 Fe203 K20 MgO MnO Na20 P205 Si02 TiO2 SO03
Class Class AreaM2 G Date wt%  ug/g % wit% wt®% - wi% wt% wit% wit% wt% wit% wt%

LT Baseline Ash Speciation Analysi ca03f467-348d-e944-94c4- ca03f467-348d-e944-94c4- 61d60b5d-87ad-804e-
After 2nd Stage Grinder LMLA_Bale11_Segmentl obadff2ccafc LA LM ob4dff2ceafc 0.883 2019-05-23 b9e3-59acfc2e5a62 7.95 1720.0 5.49 6.04 1.79 100 3.58 0.06 0.79 249 6482 0.26 1.35
LT Baseline Ash iation Analysi: fa8f3731-0154-1b41-8f89- fa8f3731-0154-1b41-8f89- 61f4e57e-ece4-5848-a0b4-

2> M | 5 -05- 5 A R ! 4 } ;i 1 3 A 3 3
After 2nd Stage Grinder LMLA_Bale11_Segment4 b4b20808bc93 LA LM bab20808bco3 0.746 2019-05-23 10f86f7e698d 8.94 1750.0 6.32 592 1.99 894 0.08 0.99 2.56 65.8 028 1.31
LT Baseline Ash Speciation Analysi 12772330-12f2-bc40-26d0- f2772330-12f2-bc40-a6d0- .05.23 debee9ad-525d1 N2 Suface Area vs. Composition —71.03.05.p1 Bulk Flow Characterization
After 2nd Stage Grinder LMLA Bale11._Segments 14 41051bbde M 218d1051bbde 0732 20190523, e 8a005a01 P
LT Baseline Ash Speciation Analysis 4¢383541-55dc-2441-91e0- 4¢383541-55dc-2441-91e0- 0.842 2019-05-23 372bf554-6f1f-d | Report 77 Help |
After 2nd Stag feic Q & & smowen 8c85dabaScdf

Bioenergy Data Hub

TBaseline A{ < & ad54ca24-1ee

library(Rlabkey);

2
3 # ${tsvout:tsvfile}
4 labkey.data <- labkey.selectRows(
5 baseUrl="https://bioenergy.labworks.org/labkey",
6 folderPath="/FCIC/FCIC Task Work/T.03.00 Materials Handling/T.03.05.P1 Bulk Flow Characterization",
7 schemaName- study",
8 queryName- Surface _Composition Join GUID_Match"
9 viewName="",
10 colSelect="SubjectID,Ash Class Moisture_Class, Sample Description,Average N2_Surface
Area_m2 q,Ash_percent Comp051t10n Sample 1D,S03 wt%
11 colFilter=makeFilter (c("Average N2 Surface Area_) mz _g", "LESS_THAN", "2")), R
12 contaxnex!‘llter-uULL,
13 colNameOpt="fieldname");

15 #write.table(labkey.data) -

16

i orary(gupintays (source code visible to users)
18 # ${svgout:output.svg}

19 svg("output.svg"”, width= 18, height=6);

21 #ggplot(data = labkey.data, aes(x = (), y = (), label = (Moisture_Class)) + geom point() +
geom_text(size = 3);

23 gg'plot(data = labkey.data, aes(x = (~ Average N2 Surface Area m2_g"), y = (°SO3 wti’), label =
Moisture Class)) + geom point(color= 'dodgerblue2', size = B) * geom_text(size = 3, color='white') +

24 geom_: smooth(method-lm, color='#2C3E50') + xlnb(bquot.e( "Average Nitrogen Surface Area m2/g")) +
ylab(bquote("SO03 wt%"));

083 20)6 0525 SETTTECTEY
0.775 2019-05-23 ;::;ﬁ;g;ﬂf:
1007 20190523 3R
0.906 2019-05-23 :?;:;ﬁ:i::
0.806 2019-05-23 zgmsﬁz
1.052 2019-05-23 :?f;:ig:::b

TO o9 7ZUU T 7O ooT FUT ZoT Uo7 Uo7 TTT THUC U U7 |

N—
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4 — Progress: Quality by Design [& Tools

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.

< fclc Bioenergy Data Hub Q #+ & JimColett

FOC v TaskPortals v Studles v T quatity by Design

Data Classes
B W - O NewDataClass
0O « Name * Description Created Modified Modified Folder Data
By Count »
O Process Stream Critical Table of Critical Material Attributes (F:MAs) and Critical Quality Annbl'nes of mate‘nal streams respectively entering and exiting unit operations within a 2020-12-06 21:18 2021-01-04 0546 Jim Foic 339
Properties Technology Pathway for the of fuels and from biomass. Collett
o Unit Operation Critical Table of lecaI‘ Process Pa.rameters that describe the operating of unit within a Pathway for the production of renewable 2020-10-29 22:46 2021-01-10 00:19 Jim Feic 72
Process Parameters fuels and chemicals from biomass. I
o :echnoiogy Pathway md«ed lists of unit operations that describe the of ys from sources to a finished renewable fuels and 2020-09-26 01:47 2021-01-04 05:55 éx:l\]e“ Feic 2

Technology Pathways #

High Temperature Pathway 02 - CFP of Woody Biomass with Air Fractionation and Knife Mill Comminution
Process Stream Critical Properties (CMAs and CQAs)
Unit Operation Critical Process Parameters

ONSITE_CHIP_STORAGE_01

A pos

RECLAIMER_CONVEYOR 01

VAN
SCREW_CONVEYOR_2_01 CONDENSATION_SYSTEM_01

STANDING_PINE_TREES 01 ROTARY_DRYER 01

. ‘001 . bos /bls / bzo

AARVEST.0L  Aos DRAG_CHAIN_CONVEYOR_01 PYROLYZER_FEED_SCREW_01 presvs——

. koz i *009 / : %16 ) ‘021

IN_FOREST_DRYING_01 WC‘TONI‘"'ON.“‘ C’P"m“mv"""ﬁCLD"“y’/ UPGRADED_FUEL_01
; *ooz / i ol . ‘017

CHIPPING_01 DRAG_CHAIN_CONVEYOR_02 . 14 HOT_GAS _FILTER 01

o ~ - py”

TRANSPORTATION_01 COMMINUTION_02 EX_SITU_VPU_01

A

SCREW_CONVEYOR_1_01

b

METERING_BIN_01

<

Task 4 — Data Integration
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4 — Progress: Quality by Design pY4
Data Integration

Tools

» 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 Pl 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.

82 . e L o . - 1-120f12 -

II default:] This grid view has been modified. Revert  Edit  Save

(% ¥ Material Property IS ONE OF (MOISTU... ) (% ¥ Unit Op IS ONE OF (DRAG_CHAIN_CON... ) Clear Al

O~ Tech Pathway UnitOp Y Intermediate  Intermediate Material Property ¥ Units CMA CMA CQA CQA Downstream Unit Op Critical Downstream Unit Op
Stream * State Upper Lower Upper Lower
Limit Limit Limit Limit
] ' HIGH_TEMPERATURE_CONVERSION_02 DRAG_CHAIN_CONVEYOR 01 009 Chips ASH_CONTENT_01 % 300 40 300 4.0 FRACTIONATION_01 " COMMINUTION_01
O HIGH_TEMPERATURE_CONVERSION_0Z DRAG_CHAIN_CONVEYOR_01 009 Chips PARTICLE_SIZE_DISTRIBUTION_O1T mm 50.0 6.0 50.0 6.0 FRACTIONATION_01 COMMINUTION_O1
O HIGH_TEMPERATURE_CONVERSION_02 DRAG_CHAIN_CONVEYOR_01 009 Chips MOISTURE_CONTENT_01 % 35.0 10.0 35.0 10.0 FRACTIONATION_O1 COMMINUTION_01
0 # & HIGH_TEMPERATURE_CONVERSION_02 FRACTIONATION_01 010 Chips PARTICLE_SIZE_DISTRIBUTION_0T mm DRAG_CHAIN_CONVEYOR_01
O HIGH_TEMPERATURE_CONVERSION_02 FRACTIONATION_O1 010 Chips ASH_CONTENT_01 % DRAG_CHAIN_CONVEYOR_01
O HIGH_TEMPERATURE_CONVERSION_0Z FRACTIONATION_01 010 Chips MOISTURE_CONTENT_01 % DRAG_CHAIN_CONVEYOR_01
O HIGH_TEMPERATURE_CONVERSION_02 ' DRAG_CHAIN_CONVEYOR_01 011 Chips PARTICLE_SIZE_DISTRIBUTION_OT 'mm 50.0 6.0 1.0 COMMINUTION_02 PYROLYZER_FEED_SCREW_01
Od HIGH_TEMPERATURE_CONVERSION_02 DRAG_CHAIN_CONVEYOR_01 011 Chips ASH_CONTENT_01 % 30.0 4.0 0.0 COMMINUTION_02 PYROLYZER_FEED_SCREW_01
O HIGH_TEMPERATURE_CONVERSION_02 DRAG_CHAIN_CONVEYOR_01 011 Chips MOISTURE_CONTENT_01 % 35.0 10.0 3.0 COMMINUTION_02 PYROLYZER_FEED_SCREW_01
O HIGH_TEMPERATURE_CONVERSION_0Z COMMINUTION_02 012 Particles PARTICLE_SIZE_DISTRIBUTION_OT mm SCREW_CONVEYOR_1_01
O HIGH_TEMPERATURE_CONVERSION_02 ' COMMINUTION_02 012 Particles ASH_CONTENT_01 % SCREW_CONVEYOR_1_01
O HIGH_TEMPERATURE_CONVERSION_02 COMMINUTION_02 012 Particles MOISTURE_CONTENT_01 % SCREW_CONVEYOR_1_01
C Data shown are not actual and are provided for layout demonstration only
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4 — Progress: Access to Data for
QbD Critical Property Assignment

Tools

« 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.

(= default) This grid view has been modified. Revert  Edit  Save ASH_CONTENT_01

(% T Run=685) MOISTURE_CONT!

s - ™~ > - 5 . a8 1-150f15 ~
P R S R DT t
(¥ T UnitOpISONEQ |ists ' Material Quality Classes OTAP..) Clear All
(e FY Active C - h\rea UnitOp ¥ Equipment Type  Material Property Parent Assay Y CMA Upper CMA Lower Intermediate Stream CQA Upper CQA Lower Downstream Unit Op
View List Item orac Limit Limit Number ~ Limt Limit
a ESSING ROTARY_DRYER_01 Dryer ASH 32'1‘70:‘1“;"' LM 30.0 4.0 008 30.0 4.0 DRAG_CHAIN_CONVEYOR_07
Material or Quality Attribute: ASH_CONTENT_01
0O ESSING ROTARY_DRYER_01 MOISTURE_CONTENT_01 - 60.0 10.0 008 35.0 10.0 DRAG_CHAIN_CONVEYOR_01
O Dete type. ecatet ESSING ROTARY_DRYER 01 Dryer PARTICLE_SIZE_DISTRIBUTION_01 7 :2;?;2“ AeRibiian _S00  s0o00R 50.0 6.0 DRAG_CHAIN_CONVEYOR 01
Units: %
m] 1819 SSING COMMINUTION_01 Hammer Mill ASH_CONTENT_01 g‘::f:;“zem E0CASTM 30.0 4.0 010a 3.0 0.0 SCBEW_CONVEYOR_1_01
m] 1819 PareQit Assay: Ash Percent 750C ESSG COMMINUTION_O1 Hammer Mill MOISTURE_CONTENT_01 Moisture (%/R05CY 350 10.0 010a 150 3.0 SCREW_CONVEYOR_1_01
—— = s SRR,
O e 1819 Description: ESSING COMMINUTION_01 Hammer Mill PARTICLE_SIZE_DISTRIBUTION_01 g:::;e;‘z,e a'tz’r“b“““ 50.0 6.0 010a 6.0 1.0 SCREW_CONVEYOR_1.01
] 2021 15 HIGH_TEMPERATURE_CONVERSIQN_01 PREPROCESSING COMMINUTION_02 Knife Mill ASH_CONTENT_O1 g;:f:;“ze ZCESTM 010b SCREW_CONVEYOR_1_01
O 20,21 1,5 HIGH_TEMPERATURE_CONVERSKJN_01 PREPROCESSING COMMINUTION_02 Knife Mill MOISTURE_CONTENT_01 Moisture f%, 105C) SR Lo S SCREW_CONVEYOR_1_01
N A P Ash Percentage 750C oroc
Assay List / Ash (%, 750C) Batches / Ash (%, 750C) Runs PARTICLE_SIZE_DISTRIBUTION_01 Particle pize Distribution- SCREW_CONVEYOR_1_01
( ) Forage/Separator Edt New Manag
Ash (%, 750C) Results orcic
' ASH_CONTENT_01 Sy Pt UG METERING_BIN_01
Dry-basis %ash measured from TGA based on ASTM D 3172-07.
MOISTURE_CONTENT_01 bisture (%, 105C) lep Designation: D3174 - 12 METERING_BIN_01
MANAGE ASSAY DESIGN » VIEW BATCHES »  VIEW RUNS » VIEW RESULTS » VIEW COPY-TO-STUDY HISTORY » VIEW EXCLUDED DATA » Particle Size Distribuxion- reamaTona
2 e ~ i} & « CopyToStudy ImportData Re-ImportRun  Replaced Filter + Exclude a 1-70f7 ~ PARTICLE_SIZE DISTRIBUTION_ Forage Separator Standard Test Method for METERING_BIN_01

= Ash in the Analysis Sample of Coal and Coke from Coal '
Ash Content750C ASTM

B317412

(ke ng e draignonem onde s e yem
TR SN ST p—

SCREW_CONVEYOR_2_01

Moisture (%, 105C) SCREW_CONVEYOR_2_01

D3172 Practice for Proximate Analysis of Coal and Coke
3173 Test Method for Motsture in the Analysis Sample of

1. Scape
1.1 This test method coven the determinstion of the imor

ganic residue 2+ ash ia the analysis sample of coal of coke 4

prepared im accordance with Practice D011 or Practsce D6,

The results obessncd can be spplicd ax the auh in the proximate

analywas, Practice D172, and in the ultima

D376 For the detesmination of the

Particle Size Distribution-

SCREW_CONVEYOR_2_01
Forage Separator

4
As-Detormaned to Ditfere
D362 Tew Madod for Magor and Mince Eloncots in
Combustion Residwes from Coul Utilization Processes
D£126 Test Method foe Major and Manor Elements in Coal
and Coke Ash By X-Ray Plactescence
05016 Tes Mabod for Total Sulfur in Coul and Coke

inalysis, Practice

for trace element analysis. See Terminology D121 for defink
on of ash

Combustion Residoes Using a High Tube

12 The values stated in S1 units are to be rogarded e Furnacs Combasion Method with Infrared Abuoeption

O~ Experiment Name ~ Sample ID BFL GUID Date ‘Ash Percent 750C \Protocol Wiki Page

O HT Baseline Analysis Dry2-HAHM-D6 04a76489-db6b-da43-a60f-912accd96bef 2018-07-10 00:0f 1.1874 Yishi Percentage 750C M&DISTRIBUTION_N
O HT Baseline Analysis Dry2-LAHM-D19 5c¢29330f-03b5-d447-80ae-fc47feb0c504 2018-07-10 00: 0.5096 Ash Percentage 750C

O HT Baseline Analysis Dry2-LAHM-D3 f200d4c5-9afb-d94c-9d85-3c90dab93c41 2018-07-10 00:(0 0.3731

O HT Baseline Analysis Stg2-HALM-C4 c6309fbe-6cdc-1e45-8ac7-b943b5d7060a 2018-07-10 00: 4.1305 Ash Percentage 750C

O HT Baseline Analysis Stg2-HALM-C7 f5f70c25-6f66-1d48-aed9-1dc4195a9206 2018-07-10 00:0! 2.8119 Ash Percentage 750C C

O HT Baseline Analysis Stg2-LALM-C4 550e0857-f909-d147-9a76-a6fee1f3315a 2018-07-10 00:00 0.743¢f Ash Percentage 750C

O HT Baseline Analysis Stg2-LALM-C6 7599e95e-a198-8b48-af95-deb1b4021315 2018-07-10 00:00 Ash Percentage 750C

17
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4 — Progress: Experimental Data
Integration

Tools

- Screenshot shows part of a O fCiC scenersyatann SRRSO
dataset containing 216 records
with 224 data columns
integrated via a simple SQL
query from 3 uploaded data files
containing:

FCIC v Task Portals v Studies v | v 1 Data Views

FP and HT Joined Data 1 - Selected Fields O3 Pyrolysis Bio-0il and Hydrotreater Data Integration
B - &

(= PR2021)

‘x T Py Feed Type IS ONE OF (air classified

INL Feedstock Py Feed HT Py HTFeed PNNL PyRunDate ~ HTRunDate Py HT  HTHT PyFP HT Py Py HT  HT  HTJet HT Py HTC Py HTH Py HT Py  HTO PySWt HTS Py HT HT HT  HT
o Feed StOCk ro ert data GUID Type ¥ Feed FP  Provider HTRun Pyrolyzer Provider Reactor Total Upgraded Char Gas Gasoline Diesel Fuel Heavies Carbon Wt  Hydrogen WtPc Nitrogen N Oxygen Wt Pct WtPc Water Viscosity Gas Carbon Mass
p p y Type ~ Run  Run Number D Reactor Liquids Oil Yield Yield Yield Fraction Fraction Fraction Fraction WtPct Pc ~ WtPct WtPct Wt WtPct Pc Wt CP40C Yield Balance Balance
fr Om IN L Or Oil Number Type WtPct g/g Pct Pct WtPct WtPc WtPc WtPc Pc Pct 9/g 9/g a/g
D
032bae7c- e
. . ;‘:22434”' t;::!"p;g pine g;;" g;;& 620063 1776:01-021500 201505190000 2FBR  2FBR PDLE 657  0.462 134 158 387412 43.8466 283682 17.4123  46.1 88.09 75 126 00700 462 103 51115 00 205 1056 0163 08723 0.9361
— Bio-oil property data and siers0ezere ()
17113d89-
perIyzer run n Ietad ata ;;g:"’“' m‘:;e Pine m:'e :;15& g::e- 2573' 177601021500 2014061900:00 2FBR  2FBR  PDLE 629 0501 150 189 420 440 110 140 453 87.52 81 1267 00900 465 103 410 00 225 105450141 08763 0998

from NREL i

- Tulip
:‘;‘;‘;_‘w’ E‘_‘:;’P”'a' Poplar ggi& ggia' 21573' 177601021500 2014-07-310000 2FBR  2FBR PDLE  70.6 0401 7.6 135 400 460 120 140 4458 86.05 77 1199 008 00 474 069 480 00 188 12003 0.191 08368 0.955
Repeat

0a209687545¢e
B F u el p ro pe rty d ata a n d ;;ZS::;:—SH‘ Hybidpoplar. [Hylid || 5858/ S8s8: 615785 1776-01-02 15:00 2014-06-26 00:00 2FBR 2FBR PDLE 64.9 046 89 19.2 45.0 420 1.0 13.0 45.9 86.76 8.1 1242 0.08 0.0 459 1.01 56.0 0.0 207 09677 0.172 0.8821 1.001
hydrotreater run metadata Slaassesay B Povlr 00 020 a5 ' ' M A o e s P e O e s A

88e73d0e-
frOI n PNNL 9e8d-aB42-  LoblollyPine Clean  5858- 5858-  61573- ;.76 01071500 201406190000 2FBR  2FBR  PDLE 652 0515 120 179 390 440 120 170 450 87.15 7812516 008 00 4711082 370 00 211 12186 0152 09275 1015
8ca1- ©P) Pine 023 023 42
468125290dc7
972be12c-
- Stabl ble SQL cod d : ' - oas
able, reusapie code an Satud '('é’s;“'yp'“e :::‘be"’"y SO oot 2000 177601021500 201608020000 2FBR  2FBR  PDLE 707 0443 10.5 136 438531 29.0193 92955 886177 46598824 708 1258 00400 4630728 490 0007 181 11916 022 091 0934
.
t f I 735c832952d
user access to source files s
. .
romotes trust N Iar e datasets 92e4.cb40-  LoblollyPine L © 6116- 6116- 61573 155 41 051500 201503020000 2FBR ~ 2FBR  PDLE 631 0481 123 17.7 41.4432 450307 297181 13.5261  47.0 87.82 75 1282 006 0.0 449 109 512521 002 217 09450191 0914 0.994
a2d2- (clean pine) (LPC) 020 020 72
00217322061

on the Data Hub for data mining | ws

4ce7-734a- Forest Residue Forest 6207- 6207- 62005~

H H H 1776-01-02 15:00 2016-06-07 00:00 2FBR 2FBR PDLE 62.0 0.466 19.1 16.5 46.5527 42.9406 29.111 10.5067 40.19 88.63 7.87 1238 0.19 0.0 51.75 1.044 158.0 0.016 16.4 1.2532 0.156  1.045 1.0
analysis and machine learning. b TR [resdhelez w2 (o

9d14ec81530c

dfSebbee-
b8debadd:  CorestResidue cleaned 9408 6408 62006~ 1500 01 451500 201609160000 2FBR  2FBR  PDLE  67.5 0491 131 148 429938 28.2799 12.4186 904751 4848 87.97 748 1238 003 00 440 10 870 00079 173 136330172 0912 10

« Performing such integrations A e e e e
manua”y |n EXCel |S tlme' :;;;3?5 Pinlon 116 6116 61573

ae21- Pinion_Juniper juniper 1776-01-02 15:00 2015-03-10 00:00 2FBR 2FBR  PDLE 57.9 0.176 153 17.5 60.5703 37.3962 37.0407 2.0336  50.3 86.86 86 14.03 0.49 00 403 1.13 2457353 00 276 0.495 0.178 0.3784 0.8978

air classified  air

Consumlng and erI’OF-pI’OI‘]e 85472046816 GO
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4 — Progress: Bioenergy Feedstock B Tools
Library integration via Python API

Description
Creation of LabKey Datasets directly from LabKey’s Python APl was used to develop an
Bioenergy Feedstock Library (BFL) exports automated process for creating Study datasets for

batches of sample provenance and analytical data
exported from the Bioenergy Feedstock Library (BFL).

Sample Information

=== ' 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.

¥ Zumgre ivirmanon @ Avairues | Tempe mdes | Crowst Fise

JNL DINREL ¥R — = |
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4 — Progress: Milestones

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

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 Pl 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.
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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.

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.

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.

Data Hub Web Portal is ready for welcoming 15t 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.
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Quad Chart Overview- FCIC, Task 4

Timeline Project Goal
- 10/1/2018 - 9/30/2021 Provide a collaborative computational environment for hypothesis
development, experimental and modeling workflow management,
--_ integration of datasets and metadata, and deliverables sharing between
$559K FY19- %795}( FCIC subtasks within a uniform Quality by Design framework, as well as
FY20- $559K -
L i a portal for public access to FCIC results, data, and software.
Total- $1,843K
Project Partners (N/A) End of Project Milestone
- Data Hub Web Portal goes live and opens to industry stakeholders and
Barriers addressed public with FY18-FY21 reports, curated datasets, and publications.

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

Funding Mechanism (N/A)

<
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Thank you!

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

energy.gov/fcic < , fc i c

FEEDSTOCK-CONVERSION
INTERFACE CONSORTIUM
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Task 4: FCIC Data Development Workflow

e ————————————

Quarterly Milestone Internal Quad
Reports Reports Whitepapers Charts

T

e e e = - - - - - - - - - ___-__________________-_—‘

______

Sample Set
{GUIDs indexed

real

______________________

LabKey Assay Folder
(each assay type holds raw data
from multiple experiments)

o BFL) to 8FL)

Sample Manager Folder

|one sample set per experiment)

T o -

Sample Set

(GUIDs Indexed

‘l

1

1

1

1

Process 1
Data !

1

B

= =~

LabKey Study Folder
(integrated results)

Dataset

Dataset

Dataset

Integrated
Dataset

r
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Manuscript

(may be in wiki for rough draft)

_________________

-
................................................

PI/PM Task Folder (all items searchable by text)

sQEmmmeET

P R P e e Sy SO B

Task 8 Folder
(integrates refined data
from multiple tasks)

Dataset

______________

" FCIC Web Portal

(a LabKey project with
password-protected
stakeholder and/or open
public access)

Public

{may be
continually
updated

Dataset

Dataset
Dataset
Dataset

Dataset

|
|
|
|
|
|
|
|
' Dataset
|
|
|
|
|
|
:
|
:
' Dataset

Dataset

{andllary to
wriginal)

(frozen)

Technical
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Report

Public

Dataset
{frozen)

Preprint

______________

~
\

FCIC Data
Development
Workflow

From raw
data to public
access

(particular items
shown are for
example only)

_______________

Publication

Journal Website

_______________

Task 4 — Data Integration

25



LabKey study standardization N Tools

Standardization of LabKey Study metadata Description
Creation of FCIC experimental study

specific metadata parameters
collected about each Study

Value of new tool

. - 2o oy 1-60f6 ~ . - .
B Can potentially facilitate higher level
[T Task 5 Studies ) . . .
v Study ¢ Start Date Investigator Biomass Description Laboratory Task * Subtask Unit Hypothesis  Publication DOI Report d ata q u e rl eS a n d h a rm 0 n Izatlo n -
Type Operation
e , WO Potential Customers & Outreach
T Loblolly This study contains all of the analytical data and INL PDU processing data f AT
Baseline 2019-06-0500:00 INL P the sampl, llected from the prep! g op of the high INL %5 INL POU 10.1021/acssuschemeng.9b06718 P I
Study ne temperature baseline runs. Drjers a n
FY18Lr This study contains all of the analytical data and INL PDU processing .
Baseline  2019-052300:00 INL g;:e' quipment data for the samples collected from the prepr g operatfns of INL 2.5 Grinders FC I C resea rCherS and IeaderSh | p .
Study the low temperature baseline runs.
; Lo ' th g0 Wp CQAs can be
Inthis milestone, critcal quality (CQAs)for high This same concept will be applied to
pathways are identified. These CQAs are the final results from a yearlghg effort |dentified for
to gather informati bi terial attributes and how they | t with ; 1 1
1 s o s sl et e vious HT the Public Facing Web Portal (FY21)
ion operations. This mil draws on FY18fbaseline co:: Sesion . . .
runs, FY19 experimenta data historialINL BFNUF data collectedJNREL aiing in order to standardize various
FY19 CQA experimental data collected for both high and low temperature cghversion HT co::gnsus .
HT Pathway ’ Vicki Loblolly processes and from a search of published data that describes tife effects of FY19Q4
Identification 2200128 0010 Thompson Pine biomass variation on both high and low temperature conversioyf processes. To i 2 e co:: ! Jision Task 5 St u d I eS a n d reS e a rCh h OSte d th ro u g h
Study provide context for each of the CQAs identified, the critical mafferial attributes PRINEYS :onc e H
(CMAs) that impact those CQAs are presented as well as critifal process .lﬁwn_ th I S d ata b aS e .

Investigator Biomass Description Laboratory Task “ Subtask Unit Hypothesis  Publication DOI Report
Type Operation

ML ZINREL  ¥Rbe 7 < ”

el

ooy Sy Pocific Northwest Task 4 — Data Integration



Database Standardization & Streamlining I}_{ Tools

LabKey Core Data Infrastructure
Improvements

Sample JParent Date ¥

2019-12-26 00:00

value

acetic_acid acetoin arabinose butyric_acid ethanol formic_acid galactose glucose glycerol lactic_acid meso_BDO pH propionic_acid soluble_lignin SS_BDO total_glucose total_xylose :

3.07

37795
37798
a7e0m
37804

Analytical Assay Results (long format)

Sample ID Parent sample ID Date

2019-12-26 00:00
2019-12-26 00:00
2019-12-26 00:00
2019-12-26 00:00

Analyte

acetic_acid
acetic_acid
acetic_acid
acetic_acid

Parameter Value Unit
3.07 g/L
3.04 g/L
2.98 g/l
295 g/L

Pivoted Results (filtered for one sample ID)

Analyte

10.75

0.95

244

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.

Task 4 — Data Integration
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Subtask 4.4: Facilitating Task 8 TEA

Rachel Emerson (INL) and Dave Sievers (NREL)

—
-—— -~ -

Task 8 develops data input
sheet (DIS) in collaboration
with all ather FCIC tasks

are moved into the
database

Task 4 Data
\Integration

Task 8 Retrieves Data on
DIS From Labkey and Uses L&slay pleted

with TEA & LCA to Answer EDEIERIslelike
Case Study Questions |
\ Sheets

Filled In
Datz Input Shest

\
\

Graphic from
Steve Phillips Task
8 Lead N

Case Study results, reports, publichtions
put into Labkey and linked to data and~ -
Ishikawa Diagrams

Task 4 puts DIS’s into
Labkey format with Ul & Task1-3 & 57 do
instructions on how data

Empty Data Task 4 Builds Labkey

Input Sheet Structure for DIS and
(Czse Study Reports

)

experiments, run models,
etc and data go into
Labkey — data could

include more than on DIS

1
+Data and
,/ meta-data
7
;. Into Labkey
/
/
Stakeh/o?ders Access
Bodyof Knowledge
_ sfored in Labkey

-0 A 00
w @3 Task 4 — Data Integration
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4 — Progress: Assay Data Integration

Getting Data into LabKey

B Jim Collett
« Assay workflows and Cfl:lc Eicekieigy LG O Q& a
data structures for
uploading experimenta| FCICv  TaskPortals v Studies v
d ata We re d eve | O ped fO r Assay List /| EDS_SEM_Image_Analysis Batches ' EDS_SEM_lmage_Analysis Runs
“ry: 1] .
6 “Pioneer’” Subtasks. EDS_SEM_Image_Analysis Results EQuIPMENT WEAR IN PREPROCESSING
MANAGE ASSAY DESIGN » VIEW BATCHES » VIEW RUNS » VIEW RESULTS » VIEW COPY-TO-STUDY HISTORY » VIEW EXCLUDED DATA »
[ J
Sta ble data ta ble ::: l8a ~ & ~ CopyToStudy ImportData Replaced Filter ~ - 1-150f15 ~
StrU CtU reS a n d [J - Bale SamplelD  ImageFile ~wt%C  wt%Fe  wt%Mg wt%Na  wt%N wt%0  wt%Si wt%Al  at%C at%Fe at%Me at%Na at%N at%0 at%Si  at%Al
i O 2[2.1 66.85 53 0.19 005 092 2503 445 098 7493 037 0.1 003 088 2106 213  0.49
harmonized data types % = : 1
f . | . d . d O 222 [ - ] 62.03 0.56 024 008 111 2916 5.98 085 7042 0.14 0.13 005 1.08 2486 29 043
acl Itate ra pl O 33.1 ¥ 49.88 2.54 036 019  1.89 2894  13.08 313 6155 0.67 0.22 0.12 20 2681 69 172
Integ ratIOn Of O 332 B 55.55 1.93 0.22 014 185 2819 1043 168  66.05 0.49 013 009 189 2516 53 089
i 0 333 - 16.01 1.6 0.0 00 143 4001 4069 026 2458 0.53 0.0 00 189 4611 2672 018
experimental data. s 5
O 441 S 35.32 432 0.39 017 196 3265 2205 314 48.02 126 0.26 012 228 3333 1282 1.9
0 442 N 49.32 3.44 0.42 009 361 33.03 8.32 177 59.75 0.9 0.25 006 375 3004 431 0.95
O 443 ] 28.56| EDS_SEM_Images/2_2.png X EDS_SEM_Images/4_1.png x | 0. EDS_SEM_Images/4_6.png x
O 444 2# 35.65 gt Y gl O ) .
O 445 323 [ A 0. ®
O 4456 -] 68.17| I3 ' 0.
O 23 231 e (| 36.68 0.
O 23 232 =] 15.71 0.
O 23233 0 52.98| | 0.
O 23234 e 39.84 0.
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Data Finder Publications Tab

FCIC v ask Portals v Stud|

< fCic Bioenergy Data Hub

Q £ & JimCollett

Home Page Quality by Design Lists Files

#O0AK RIDGE

o, FINREL

Welcome to the Feedstock-Conversion Interface Consortium (FCIC) &

L
=l

The Feedstock-Conversion Interface Consortium (FCIC) is a collaborative effort among researchers from 9 National Laboratories who are sponsored by the DOE's Bioenergy
Technologies Office:

Argonne National Laboratory (ANL) Los Alamos National Laboratory (LANL) Oak Ridge National Laboratory (ORNL)
Idaho National Laboratory (INL) National Energy Technology Laboratory (NETL)  Pacific Northwest National Laboratory (PNNL)
Lawrence Berkeley National Laboratory (LBNL)  National Renewable Energy Laboratory (NREL) ~ Sandia National Laboratory (SNL)
The mission of the FCIC is develop knowledge and tools to understand and mitigate the effects of biomass feedstock and process variability on biorefinery performance. The

consortium is organized into 8 complementary Task areas: (1) Materials of Construction; (2) Feedstock Variability; (3) Materials Handling; (4) Data Integration for Quality by
Design; (5) Preprocessing; (6) High Temperature Conversion; (7) Low Temperature Conversion; and (8) Crosscutting Analyses.

The square tiles in the Data Finder tool below provide links to information, data, tools, and publications produced by Subtask Study teams within each of the FCIC Tasks. Blue
tiles indicate Subtask Studies that are associated with journal articles and reports from the FCIC that are available via the Internet. The faceted search tool on the left side of
the Data Finder enables you to select categories that filter the Subtask Study tiles according to your interests. The Publications tab takes you directly to a bibliography of
FCIC publications.

Data Finder

Summary clear all
Publications 30
Studies 20
|9 status clear
| F1 None 0/0
|71 Complete 30/30
9 submission Status clear
[F] None a/0
[] Submitted 30/30
|9 Publication Type clear
| E1 Abstract 0/0
| E1 Conference 0/0
71 Manuscript 30/30
4 Study clear
B 11 2/2
B 12 11
B 21 2/2

Q | publications Quick Help » Insert New . Manage Data
|

A Review of Computational Models for the Flow of Milled Biomass Part I: Discrete-Particle Models Manuscript

Y. Xia, J. J. Stickel, W. Jin and J. Klinger EDIEE
Xia, Y,; Stickel, J. J.; Jin, W.; Klinger, J., A Review of Computational Models for the Flow of Milled Biomass Part I: Discrete-Particle Models. Acs Sustain

Chem Eng 2020, 8 (16), 6142-6156.

VIEW DOCUMENT »

A Review of Computational Models for the Flow of Milled Biomass Part Il: Continuum-Mechanics Models Manuscript
W. Jin, J. J. Stickel, Y. Xia and J. Klinger Lo
Jin, W;; Stickel, J. J.; Xia, Y,; Klinger, J., A Review of Computational Models for the Flow of Milled Bi Part II: Conti hanics Models. Acs
Sustain Chem Eng 2020, 8 (16), 6157-6172.
VIEW DOCUMENT »

A density dependent Drucker-Prager/Cap model for ring shear simulation of ground loblolly pine Manuscript
W. Jin, J. L. Klinger, T. L. Westover and H. Huang EDITH

Jin, W; Klinger, J. L; Westover, T. L; Huang, H., A density dependent Drucker-Prager/Cap model for ring shear simulation of ground loblolly pine. Powder
Technology 2020, 368, 45-58.

VIEW DOCUMENT »

dy in deling of L Biomass Manuscript
P, N. Ciesielski, M. B. Pecha, A. M. Lattanzi, et al. EoiTy
Ciesielski, P. N.; Pecha, M. B,; Lattanzi, A. M.; Bharadwaj, V. S.; Crowley, M. F; Bu, L.; Vermaas, J. V;; Steirer, K. X.; Crowley, M. F,, Advances in Multiscale
Modeling of Lignocellulosic Biomass. Acs Sustain Chem Eng 2020, 8 (9), 3512-3531.

Data Hub Resources -

Access Your Task Project Portal
Find Milestone Reports
View FCIC's current Critical Property Database NEW

Please let Jim Collett or Rachel Emerson know
if you have any questions or concerns.

Jim Collett Rachel Emerson
james. pnnl.gov rachel inl.gov
509-372-6345 208-526-1931

Key References
FCIC FY21 Quad Charts - All Tasks

BIOENERGY TECHNOLOGIES OFFICE - 2019 R&D State
of Technology

BETO Organizational Chart as of 10/6/2020

Herbaceous Feedstock 2018 State of Technology
Report

Woody Feedstock 2018 State of Technology Report
Feedstock Supply System Design and Economics for

ion of Lignocellulosic Bi to Hyd: b
Fuels Conversion Pathway: Fast Pyrolysis and
Hydrotreating Bio-oil Pathway “The 2017 Design Case”

Process Design and Economics for the Conversion of
L losic Bit to Hy bon Fuels
Thermochemical Research Pathways with In Situ and
Ex Situ Upgrading of Fast Pyrolysis Vapors

LabKey Server: An open source platform for scientific
data i ion, analysis and

Understanding Pharmaceutical Quality by Design

" Technology A
Through FAIR Data Delivery

-Attached Files

A FCIC FY21 All Tasks Quad Charts.pdf
0 BETO Org Chart_Feds and
Contractors_10062020.pdf
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Data Hub Wiki Pages

CMA Identification for TCPDU Pyrolysis Performance FY19Q3 Results Summary & >,

From the FY18 HT baseline runs, seven of the supersacks of loblolly pine chips and residues that were preprocessed at INL and then converted to pyrolysis oils at
NREL were labeled for three conversion processes efficiency metrics: 'On Strean, a continuous variable representing the ratio of the time on stream divided by the
time on stream plus the downtime; ‘Char Removal’, a categorical binary variable indicating whether a run needed to be stopped to clean out either cyclones or char
bridging; and ‘Feedtrain Bridging’, a categorical binary variable indicating whether there were bridging problems in the feedtrain during sample processing. The
properties of the raw r ials were as potential Y vari for these three efficiency metrics including: moisture, total ash, ash speciation,
elemental C, H, N, 0, and S, volatiles, and particle size distribution factors (D10, D50 and D90).

.
[ ] L a b Key S e rve r p rOV I d e S a There was not an obvious visual correlation or pattern between any of these factors alone and the three efficiency metrics. When using a multivariate least
squares linear regression approach the "On Stream’ metric could be linearly correlated to a combination of three factors: moisture, particle size factor of D50, and
. d f [11 b 11 h total carbon. All three of these factors contribute significantly (considering p
wide range of "webparts” that

enable data owners to Y
customize their environment. -

e
.
s

o
o

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

Predicted On Stream
o
o

o
o~

0.2
0.2 03 04 05 06 07 08

On Stream

Figure 1. Multivariate linear fit explaining ‘On Strean variability using moisture, particie size factor of D50, and total carbon.

For the ‘Char’ and ‘Feedtrain’ metrics, a ing methodology was used to asses any strongly relating factors; however, as the data was
limited, a good fit was not obtained for either metric. Itis instructive to look at the factors (Table 1) that did contribute to those models (p

Table 1. Response screening results using a binary response for char (Yes: char formation resuited in shutdown or No: char formation did not result in shutdown)
and Feedtrain (Yes, bridging occurred during a run causing shutdown or No: bridging did not occur to an extent requiring shutdown)

Char Response Factor PValue |Feedtrain Response Factor| PValue
Titanium 0.002 Nitrogen 0.004
D30 0.03 Sodium 0.02
Halogens 0.03

hed Files
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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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