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Project Summary
• 4 Year Development and Demonstration Project, Began Sept 2013
• Develop and demonstrate new and improved harvest and processing

technologies that will reduce biomass supply chain costs while meeting
quality specifications of biomass end users (round and square bale systems)



Poet-DSM’s Project Liberty – Emmetsburg, IA
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Goal Statement
• To develop and demonstrate new and improved harvest and processing

technologies that will lower biomass supply chain costs to $53/DT (harvest
and transport to “throat of conversion reactor”) while improving feedstock
quality, validating improvements and remaining gaps, and addressing key
sustainability issues in order to promote a sustainable and scalable advanced
biofuels industry.

• Cost reductions for advanced large scale feedstock delivery and processing
estimated to be ~$18 per ton (conservative)
– Worth $5.4 million/yr at 300,000 ton/yr scale

• Identify and measure all supply chain costs
• Improve feedstock quality measurement through rapid NIR spectroscopy
• Improve automated multi-bale receiving, handling, processing systems
Successful demonstration of these technologies in a commercial environment
will support the increased production of cellulosic biofuels/bioproducts in the
United States. 4

Targeted Project Outcomes



Quad Chart Overview
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• Project start date: 9/30/2013
• Project end date:  9/30/2017
• Percent complete: 84%

• Ft-L. Biomass Material Handling and
Transportation

• Ft-M. Overall Integration and Scale-Up
• Ft-D. Sustainable Harvesting
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Timeline

Budget

Barriers

Partners
Total Costs

FY 12 –FY 14
FY 15
Costs

FY 16
Costs

Total Planned
Funding (FY

17-Project End
Date)

DOE Funded $1,325,114 $2,787,150 $1,076,558 $1,093,460
Project Cost Share  by Contributing Partner

Vermeer $993,977 $2,558,905 $1,713,970 $1,275,649
Kelderman Mfg. $109,144 $155,332 $317,552 $336,973
Feedstox $153,197 $0 $0 $0
Poet Biomass $53,989 $283,873 $0 $0
John Cundiff $0 $24,338 $3,523 $0
ASDI $0 $1,276 $0 $0
Virginia Tech $0 $16,648 $23,055 $0
Collaborators $0 $1,055,336 $336,686 $0
Monsanto $0 $469,187 $412,565 $0

o Vermeer (42.9%)
o FDC Enterprises (13.4%)
o Collaborators (12.4%)
o Kelderman Manufacturing (8.6%)
o Monsanto (7.8%)
o Antares Group Inc. (4.8%)
o Poet Biomass (2.5%)
o Idaho National Laboratory (2.0%)
o John Cundiff (1.8%)
o Virginia Tech (1.8%)
o B Hames Consulting (1.6%)
o AgSolver (0.2%)
o ASDI (0.02%)



1 - Project Overview
• Leveraging team member’s operational experience, knowledge, and

capabilities to identify and resolve existing supply chain challenges.
• Building on team’s prior square bale system development work
• Address opportunities in round bale systems

– Over 90% of existing baling stock are round balers. (big factor for scale-up)
• High-volume, multi-bale handling systems are needed to reduce

trucking costs and wait times.
• Dirt reduction early in supply chain is critical

– Harvest improvements and advanced instrumentation targeted
• Automated bale handling systems need to be capable of handling

extremes, not average delivered biomass
• Particle size control and uniformity improvements targeted

– Continued improvements will be needed 6



Examples High-volume Unloading Systems

Log Trailers
Cotton Gin

Wood Chips

Sugar Mill



Example High-volume Infeed Systems



2 – Approach
(Management)

• Team members planned development and testing schedule for 4 yr period.
• Used DOE budget and progress reporting system to track and report  progress.

PROJECT ROLES:
FDC Enterprises: Prime contractor, lead harvest & logistics operations
POET, Clariant, ADM: Biorefiner team members, provide process material spec’s
POET: Biomass harvest end-user
Vermeer: Equipment development for round bale harvest, logistics, processing
Kelderman Manufacturing: Equipment development for square bale harvest,

logistics, at-plant bale handling
MacDon: Collaboration with Kelderman on windrow merger
Bonnie Hames: Lead NIR expert for calibration model for bale probe development
ASDI: Spectroscopy equipment vendor, bale probe development
Monsanto: Facilitated access to multi-year bale storage study; Lab analysis for NIR
INL: Bale probe sampling, lab analysis, pilot-scale process demonstration testing
John Cundiff, SeaBox, Virginia Tech: Round bale hauling and rapid-unloading system
Antares Group: Project management and coordination, data collection & analysis



2 – Approach
(Technical)

• Develop and Demonstrate New or Improved Biomass Harvesting,
Logistics, Processing, and Analysis Equipment
– Designed equipment to fill gaps in the biomass supply chain (harvest and

processing), for square and round bale systems
– Continuous development cycle (Design Build Test Learn Improve)
– Improved in-field harvest data collection systems to build a more robust set

of cost and performance data (share data with National Labs)

• Critical Success Factors and Key Challenges
– Prototype equipment and innovations fabricated and tested.
– Proving equipment reliability to meet commercial product requirements.
– Need continued demonstration and development platforms/opportunities,

supplemental funding.
– For process technologies:  Need regularly operating demonstration facilities

with local biomass supplies and nearby offtake opportunities, supplemental
funding. (Demonstration test-beds needed.) 10



Diagram (overall system)
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Process Line
Concept Drawing
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Initial Prototype Testing

Final Prototype Testing
at Biorefinery

(now operating)

Rapid multi-bale infeed
system under development
by other team members



3 - TECHNICAL ACCOMPLISHMENTS /
PROGRESS / RESULTS
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3 – Technical
Accomplishments
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3 – Technical
Accomplishments
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3 – Technical
Accomplishments



Progress towards commercial supply chain

Feedstock quality
• Bale density testing
• Ash analysis – variables

– Equipment settings
– Field – soil type, conditions
– Weather – before, during harvest

• Operator experience impact
– Bales/hour
– Maintenance & repair

Reducing cost of harvest
• Durability

– Belt analysis
– Pickup shut off during wrap
– Drive system enhancements

• Analyze stop time causes
– Replace netwrap roll was the top reason

(16%)
– Non-baler reasons (34%) operator, tractor

• Mapping harvest path
– Custom harvesters travelled in excess of

1000 miles. Roughly 50% were road miles
• Continuous round baler prototype

– Collected harvest data in 2016.
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3 – Technical
Accomplishments

NIR Bale Probe Development and Demonstration



4 – Relevance
• The project’s objectives align with the BETO’s goals to

provide biomass feedstocks at or below $80/DT.
– The biomass harvesting and processing equipment being

developed and demonstrated under this project has
demonstrated potential to help reach this goal.

• Developing rapid analysis tools and methods to enable
more-efficient and lower-cost feedstock quality
assessment throughout the supply chain.
– This aligns with BETO’s goals for “Terrestrial Feedstocks”

(found in Biomass Program Multi-Year Program Plan)

20Source: http://www1.eere.energy.gov/bioenergy/pdfs/mypp_may_2013.pdf



5 – Future Work
• Development and Testing of new harvest and processing innovations

– Square bale pre-loader, square bale infeed & handling system
• Final harvest demonstration and data collection activities
• Install and test optimization of a new grinder design, commercial-

scale (Vermeer)

• Square bale batch testing at INL Process Demonstration Unit 21
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Kelderman Pre-Loader

Loader arms and mast
fabrication



Square Bale Infeed, De-stacking, Conveyance System
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Summary
1. Approach:

– Aggressive set of equipment development goals and objectives, round and square bales.
2. Accomplishments:

– All scheduled equipment developed and demonstrated, improvements are in-progress
– Demonstrated results in NIR spectroscopy for rapid biomass quality analysis,

improvements ongoing
– Significant equipment performance and biomass quality data collection

3. Relevance:
– Significant cost reductions and reliability improvements are needed in feedstock delivery

and processing systems—primary focus of this project.
4. Success Factors and Challenges:

– Success Factors:  Collaboration, Team capabilities and breadth
– Challenges:  More heavy crop acres desired, more demonstration activities needed,

continued refinement of equipment
5. Future Work:

– Final harvest demonstration and data collection activities
– Square bale pre-loader, square bale infeed & handling system
– Install and test optimization of new grinder design, commercial-scale (Vermeer)
– Square bale batch testing at INL Process Demonstration Unit
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