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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, guality, 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

U.S. DEPARTMENT OF Energy Efﬁciency &
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Quad Chart

Timeline

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

Partners
— 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
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Barriers Addressed

— Ft-G, Feedstock Quality and Monitoring
— Ft-J, Biomass Material Properties

— Bt-B, Biomass Variability

— Tt-K, Thermochem Process Integration

Budget

Total
Planned
Funding

(FY 2015)

Total

Costs FY 2013
FY 2010 Costs
to 2012

Bioenergy
Feedstock

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

Regional

Feedstock $0 $0 $0
Partnership

$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 #G085041; 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
U.S. DEPARTMENT OF Energy Eﬁ|C|ency &
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1 - Project Overview

Store and Retrieve
Physical Samples

Store, Retrieve, 1
Sample Data and } H

Characterization Data sl WIJ l i

Regional FS Partne
BETO Projects
External Partners

Advanced
Analysis Tools

KDF Integration

Results in high impact _ o

analytics that provide A Biomass Logistics Model
core platforms with insight Least — Cost Formulation Model
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1 - Project Overview

Parent Samples
* Harvest
« Stored fel
* Intermediates

Process Demonstration

Unit
. Drying _g.

* Grinding
» Densification
« Splitting

Analytical Lab
« Composition
 Ash
* Prox. & Ult.
* Elemental
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Library
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Raw
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Samples Data:
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. Harvest
Operations .
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Prepared
Samples Tools:
Sample Tracking
Quality Data Processing
Data Least Cost

Data/
Analysis
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1 — Project Overview

Library quality data informs the design case and
SOT reports and drives program decisions

2017 Design Case: Industry
Relevant Supply System
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2 — Approach

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

— Regional Feedstock Partnership

g
w’&

— 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 WL %_Jﬂ'w it
toolsets “’*Tﬂ':"!fffﬁﬁlif
— Coordinate across research @ ok £

projects at INL and other national labs to | b : :;-#’- e '
define critical needs and leverage expertise [RE =SS

,_,._.4

’g;_/-?‘ ﬁf

— Critical that the library show value to
users to promote their involvement N
U.S. DEPARTMENT OF Energy Eﬁ|C|ency &
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2 — Approach

« Success Factors
— Market the library to new users
— Enhance data processing and data

3766F921-CA86-6E44-8F06-4DB327014631

visualization |
County/State: Muskogee Oklahoma Format: Raw Material
— Continue to link data to the core Date: 11/11/2014 14 40-101 403 10 01
p|atf0rm prog rams to guide deCiSionS From: Oklahoma State University Sample: Windrow - 403 -3

Project: Regional Partnership INL Contact: Gary Gresham

- 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, guality, and volume target metrics

U.S. DEPARTMENT OF Energy Efficiency &
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3 — Technical Accomplishments

Data Management

K 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 /Ultimate

Analysis, 701 Heating“:“

DOE=Bioenergy Feedstock Library i

Library Admin

I All Analysis Types - 22397 Entries =
SSSSSSS > o
Abais . t Ash, Elemental - 254 Entries
eeeeeeeee > H Ash, Total - 1967 Entries
) > (BB Compositional Characterization - 10630 Entries
Data P

eeeeeeeeee
L Type:

R HPLC Carbohydrate Analysis - 0 Entries
A HPLC Organic Acid Analysis - 0 Entries Description

Q %Whole Ash - 1257 Entries

= q %Structural Ash - 291 Entries

e
(
q Y%Extractable Inorganics - 698 Entries Upload?
ancel ave
Q) %Whole Protein - 287 Entries Dilate miotSllowed wihenanaljses are - g
found)

= Q %Structural Protein - 201 Entries

3 q %Extractable Nitrogen - 291 Entries

(k %H20 Extractives - 287 Entries

# of Analysis by Type

Elemental
Ash, 15

Extraction, 18 Rheology, 13

Particle, 38
Material Pyrolysis
Storage, 38 Conversion, 8

Compositional
2983

Proximate
Analysis, 704

Moisture
Analysis
1012

T Q sucrose -277 s - 1.S. DEPARTMENT OF Energy Ef‘ficiency &
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3 — Technical Accomplishments : Reg FS Partnership

Gata 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% J
U.S. Drought Monitor o 45 - Normal year (2010)
Va"“‘"""EST 40 © 3| mDroughtyear (2012) |
N K3 b !
‘ Y ) N © 30 -
R o7 o a
- | (‘“ { / J ) ] — —
AL Y i 2 ﬁ’ \ b'o 25 ]: b
2 ' + A 4 >;\' / C_U 7]
TN * \ _. / o P \ = Short-Term, han ; 20
ot & P e |8 15 -
‘\\\‘,—» \\\‘ % o ..‘“ Inten: g E
g ) = |80
>
’o vary. See act xt summary fc
B\ | m o kee | 0 | | |
3 B http://droughtmonitor.unl.edu/ Corn Stover Mixed grasses Miscanthus

"Drought effects on composition and yield for corn stover, mixed grasses, and
Miscanthus as bioenergy feedstocks,” Biofuels 5(3): 275-291, 2014.

U.S. DEPARTMENT OF Energy Efficiency &
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3 — Technical Accomplishments

User Base

K Extending beyond internal use to
external partners and public information

— Regional Feedstock Partnership
Institutions

— Industry partners

— Other government agencies

K — Universities /

150
Users
100
50
0
2010 2011 2012 2013 2014
Year
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Graphical representation of
sample relationships and
sample hierarchy
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3 — Technical Accomplishments

Library

Home
Samples
Analysis
Research
Models
Literature
Equipment
Reports
Admin

é') Logout
Samples
Enter GUID to look up hierarchy for:  |a9a%9¢c 284-4847-4b44-bc 95-4f9fd0a73fda
T AR
— e, e B haua
PRI e PG — RO Naine I Value
Sawm L e 2929c284-4847-4b44-bcI5-
B S i aeban || GUID 4f9fd0a73fda
Sample Type Physical
Project Preprocessing
Date Collected Not Specified
Collector Not Specified
Consumed Not Specified
Operation Pelletization
Location ESL-1712-4-L-
= T Current Amount 0.00 Ibs
eI | Moneew— CropType 4 Crop Mix
s o I e L) Date of Sample 8/24/2011 12:00:00 AM
Mo Collector Neal Yancey
N - ) Cultivar Unknown
Sample # 8of9
e i <~ AJAOC284-4847-4B44-BCI5-
pulbBarcode 4FIFDOATIFDA
i i T Project Preprocessing
— — Type Pelletization
T e A R Format 1/4 inch Pellets
P ; B4AF7CES-7CFB-2F41-BCDD-
e e E e et 4AT8439636E3
e INL Contact Neal Yancey
B e Container Super Sack
CESCIJ . Number of immediate
A, .,....‘:.:..,./ parents 1
R A L 0 Number of immediate 3
707 Children
S~ Last Edited By marnie at 2/28/2014 2:48:49 PM.

Pan using ctrl-Mouse Drag, Zoom with mouse roller, Click samples or links for more

. Has
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3 — Technical Accomplishments

DOE=Bioenergy Feedstock Library

g‘) Logout

Library Samples
o , |  EnterGUIDtolookup hierarchy for:  [a%adc284-4847-4b44-bc 95-4f9fd0a7 3fda || Submit |
Samples >
Analysis > Switch 3 & Woody Mix
Research » 84af3-25d6-" Tb_
Models . Name Value
_ A 29300284-4547-4b44-bc05-
Literature » Switch 2 & Woody Mix 4fafd0a73fda
Equipment Odel2-7d12- -d2 SarT\pIe Type Physical .
Project Preprocessing
Reports 4 - i Date Collected Not Specified
Adimin N ] ) Collector Not Specified
2205 = Consumed Not Specified
Operation Pelletization
Switch 1 & Woody Mix 4&3}‘:‘ Location ESL-1712-4-L-
P e yaxe Current Amount 0.00 Ibs :
CropType 4 Crop Mix
Date of Sample 8/24/2011 12:00:00 AM
Collector Neal Yancey
Cultivar Unknown
Sample # 8of9
ADAOC284-4847-4B44-BCI5-
Gilbiareode 4FIFDOATIFDA
Project Preprocessing
Type Pelletization
Format 1/4 inch Pellets
B4AF7CES8-7CFB-2F41-BCDD-
e 4AT8439636E3
INL Contact Neal Yancey
Container Super Sack
Number of immediate 1
parents
Number of immediate 3
Children
Last Edited By marnie at 2/28/2014 2:48:49 PM.

o . Has
o o B O .|
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Pan using ctrl-Mouse Drag, Zoom with mouse roller, Click samples or links for more
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3 — Technical Accomplishments

Library

Home
Samples
Analysis
Research
Models
Literature
Equipment
Reports
Admin

DOE Bioenérgy

v

v

-
‘Feedstock Library
Samples
Enter GUID to look up hierarchy for:  |d1ba9704-2642-6b44-9fec-d926f8b32a% | | Submit |
Name Value
d1baf704-2642-6b44-9fec-
\ —— o d926f8b32a0a
e Sample Type Physical
Project LBNL Formulation Studies
Date Collected Not Specified
T Collector Not Specified
et e Consumed Not Specified
Operation Separation
SRR ondy Location —
S I Current Amount 0.00 Ibs
CropType 4 Crop Mix
Swich 1 & Woody Mix Date of Sample 10/31/2011 12:00:00 AM
e e Collector Neal Yancey
Organization/Institution  {INL
Swich1 & Mix 2 Crop Mix 4 Crap Mix Cultivar Unknown
BB, B S (e R e e
GUDBarcode DISATDE IR 90
Operation By Hand
Project LBNL Formulation Studies
Type Manual
Equipment By Hand
Container 55 gal Drum
Parent GUID ﬁgafgagggfgg“ iR
INL Contact Kevin Kenney
Format 1/4 inch pellets
Caaas % Moisture 5.7721
R, HHV (BTU/b) 7749.1233
LHV (BTU/Ib) 7509.4879
Com3 & Surface Area 0.2926
DR, Pore Volume 0.0004
Durability 97.5013
Comz& Density 729.7879

oo Has Pan using ctrl-Mouse Drag, Zoom with mouse roller, Click samples or links for more
KoY Parents-- information
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3 —Technical Accomplishments

Automated Analysis Toolset

- Statistical Data Analysis
— Automated statistical tools to
screen data sets

. || %Lignin
[ ] %Glucan
- %Xylan

Saved Filters: Biochemical Conversion V1 - |
= = Ereguency Kevs:
Filter | | Save Filter || Delete Filter ot e Vo
. Biochemical Conversion V1 E B 3 2
Name: lochemical —enversien Cancel Changes = = I | |\Ess\-3§|b
B Wl ) | =23 [
o = B IR s Rl T Rl
Description | Initial assumptions for Biochemical conversions based on 20132 Design Report = E = ‘
AND  += 5 X #
Compasitional Characterization,%Glucan  GreaterThan | 35.00 *
Compasitional Characterization,%Xylan GreaterThan | 19.50 b4 :
Compaositional Characterization,%lignin  LessThan | 1 ) * % c
Attribute _ g | 1580 s : o
Criteria: Compasitional Characterization,%Wheole Ash  LessThan | 5.00 *x - |:| A)ngnln
0,
{Compositional Characterization,%Glucan > "35" AND Compositional Characterization,%Xylan > "19.5° AND Compaositional |:| A)Glucan
Characterization,%Lignin < '15.8' AND Compositional Characterization, %Whaole Ash < '5') =
B %Xylan
| Apply |
Barcode Crop Type %Glucan SeXylan FeLignin #Whole Ash g
4785c065-8cb9-4976-ad72-374a5bdceced Corn Stover 383 20.8 12.8 4.2
0312f8ea-dd45-4724-94a8-760a3b0e9d61 Corn Stover 351 23.8 73 3.5 | |
87845b90-b38e-4432-0742-240780%dd 24 Corn Stover 359 235 83 4.6
6d6edfe?-b498-4c92-830b-80e255de2997 Corn Stover 354 215 5.6 34
70e76b32-4a50-4328-a2ef-199023067alc Corn Stover 37.3 233 24 2.8
OfcBa22c-53a2-479a-8184-c00840b01b7c Corn Stover 36.1 20.2 145 41
d12683ab-Gaac-4014-blef-4a3555f0a333 Corn Stover 37.2 22.8 9.4 29

U.S. DEPARTMENT OF Energy Ef‘ficiency &
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Advanced Data Analysis Tools

3 —Technical AccomEIishments

/ Current development: \

 Self-organizing maps
— Data visualization
* Blending design
— Statistical prediction

Formulation options enable utilization
feedstocks lower on the supply curve

2 1500

=)
S .
@ ~Wheatstraw
(o]
= 00 —Cornstover

0

0 20 40 60 80 100
$/Ton
Biomass supply curve illustrating cost & volume

dynamics
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. Least-cost formulation /

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

-
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......
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3 — Technical Accomplishments: Least-Cost Formulation

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

p
(" . . Year: State County
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L i L
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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
U.S. DEPARTMENT OF Energy EﬁlCIenCy &
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Tl T s=N",'[s]3 ']l DOE=Bioenergy Feedstock'Library

ﬁitiatives: \

- 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-
urocessing on characteristics

20 | Bioenergy Technologies Office
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Summary

- Overview
— Develop innovative knowledge-based management system that enables and
supports development of a commaodity-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

U.S. DEPARTMENT OF Energy Efﬁciency &
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5 — Future Work: e s Rl bl s bl el

Harvest

Stored G Oa I :

CharaFti:(te:edristics Spe:;?:::loni Inter.n?edit’:!te
specics _ Specficatich * Expand knowledge base
o [ — [ — within library to establish
collection dueting foundation for exchange-
point characteristics
, * Bound variability to
Delivery Blending . .
Specification | | Specification establish foundation for
Y . g .
. — grades and specifications
Depot Terminal . .
Preprocessing Network through quallty by dGSlgn
— approach
Conversion
Specification
Conversion
Refinery
Y2 Consistency
% ‘,-"'/ Quality Contre! & Knowledge
(W

)
)

0 ) @ &—©&
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3 — Technical Accomplishments

Database Population

K 79,000 samples tracked \ # of Original Samples by Project
« 1,700,000 sample data points

« 30,000 characterization values 206, 14 = 0SU 2010
. 60 projects " B anerahip
\.* 135 crop types (including blends) / " i Hoselne
mOSU 2012
m SUNY

80,000

m Preprocessing

——Total Samples Tracked
60,000 K/
40,000
/ m Industry 2

20,000

J m Industry 3

m Other
2010 2011 2012 2013 2014
Year

®m North Carolina

Industry 1

® ThermoChem

0

U.S. DEPARTMENT OF Energy Efﬁciency &
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3 — Technical Accomplishments: Reg FS Partnership

K Sun Grant Regional Partnership provides significanm
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

NIR Predicted Composition
n=2037

40 - :
All Biomass Types 360 Mixed
35 - —Mixed Grasses n= Grasses, 359
30 - —Energycane Miscanthus, Corn Stover,
Z,c  —Switchgrass 204 686
o —Miscanthus I\
520 - i\
o I
& 15 f\j \ Switchgrass,
/ 215
10 - F
0 = '|""'i"4‘F':?F““I""'i"" = |/|f 'i'\ T T T |_|“|: B ;‘T_I T |M~T‘“| P O
0N W~ OO S o N ™~ OO SN i~ O N
(2.0 T o 2 B o B o & T~ plL ~ L~ ol ~ L~ o ¥ o N W RN o N o N ¥ I V' B U o I V']
Glucan + Xylan (%)
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.
INL Least Cost Formulation | [ vear: State _County Blend Region:  Draw Radius: (Custom) Y
Spatial Tool 20 v Custer Caunty v | [Midwest | 25mi ~| Populate Map

s - -

[ Biorefinery Settings
y g Cost ($1t) Custer County
Moisture Ash Particle Size (mm)  Volume (kt)
ol il 5 aisuthich $118.178on Nebraska
Refinery Targets 015 0.01 65.35 800.0
;T‘i"‘ Current Blend 0.15% 0.05% 0 690,796k F Calculate Formulation °
Sie— % L *
P — Resource = > Delivered F ati
-~ Perngrass | cost | =] Preprocessing . [] use custom Cost ormu @_n
Malsture 0.15 Cost(sty | 00| Cost(sty | o0 Cost(SMy| 00 pisiure 015 Blend fraction: [0.1757
Ash 0.05 .|'J |_;' m Ash 0.05 }
Particle Si - o
atticle Size 102 Josten | Landing Depot Refingry  Pertelesize L 231) 0o Volums: 121,400 dt
S—— e SRS s o i S T
Corn-stwr ( Preprocessing [ use custom Formulation
Moisiura 0.15| Cost(¥t): | 00| Cost($) | oo Cost(3M: | 00  poisture 0.15 Blend fraction” o 8191
Ash | 0% - {J G Ash lraoissd [
-1 ’ : a4
Particle Size 100 (g gton Landing Depot Refinery Particle Size | 8.35 | p §fion Voluma: 565,800 dt
| S— —
o ™
Wheat-strw Preprocessing || use custom Formulation
Molsturs 0.15 Cost(sm: [ 0.0| Cost(sm: | oo CostEm:| 00 jwiswre 015 Blend fraction: | 0.0
Ash 0.05 j i_J |:; Ash 0.05 |_;|
Particle Size 10.0 835
1| |0 $iton kLandinn Depot Refinery Particle Size | -] O %nan Volume: 0 dt
 ——————— o - - - 2 F
Annlengycrp Preprocessing [ use custom Formulation
Maisture 0,15 Cost($Mty | 00| Cost(Sf) | oo Cost(¥) | 00  wmaisture 0.15 Blend fraction 0.0
Ash 0.05 | |'J — 1} m Ash 0.05 [)
Particle Size 10.0 = = cle S 6.35
0 §fton Landing Depot Refinery ~ /acleSize | 5 / 0%han | Volume: ot
- —
Yy -
MSW Preprocessing |} use custom Formulation
Malsture 03 :> Costisty [ 00| Cost(sty | oo] Cost(SM | 00 oisture 0.15 |:> Blend fractian: [0 00s0
:s: |3- 01 U 0 8] Ash 0.01 U
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Goal:

* Increase usability and impact
« Expand use of the library

* Provide data and analysis options
not available anywhere else

"™ BIOENERGY

KNOWLED! COVERY FRAMEWORK
» !

OVERVIEW TOOLS & APPS MAP BIOENERGY LIBRARY

K Tool shadowing in KDF

tools
» Deployment of least-cost
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k formulation tool

* Incorporation of predictive blend
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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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