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This study supports the expansion of DOE’s R&D portfolio with an intent to 

meet “zero emission” standards

Program Objective

Project Goal

To identify, evaluate, and address the technical challenges involved in utilizing 

biomass in conjunction with coal in co-gasification systems

“By 2012, complete R&D to integrate this technology with CO2 separation, capture, and sequestration into a “zero” emission 

configuration(s) that can provide electricity with less than a 10 percent increase in cost.”
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The Concept

Conceptually 

Simplistic…

Why not 

commercialized?
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Technical Challenges

Pressurized Dry Feed 

•Technology is not mature

•Particle Size  & Shape factors 

impact feeder performance

Raw Biomass

•Material Variability (season, location, etc)

•Transportation (Energy Density)

•Storage (Degradation)

•Biomass Structure and Mechanical 

Properties 

•Flowability

•Grindability

Gasifier Performance

•Reaction Kinetics

•Material Interactions

•Product Effects (Ash…)

•Models not Developed/Validated
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Program Implementation Strategy

Task 1

Prep/Feed

Task 2
Computational

Modeling

Task 3

Reaction

Chemistry

Task 4

Materials

Research

Energy, Flow

& Material

Information

Gasifier

Performance

Systems Analysis

(OSAP)

• Lifecycle

• Economics

• Logistics

Material Life
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Research Summary

Task 1

Prep/Feed

Task 2
Computational

Modeling

Task 3

Reaction

Chemistry

Task 4

Materials

Research

Focus

•Solve Technical 

Challenges in Biomass 

Preparation and Feeding

Active Research

•Chem./Heat Treatments

•Specific Grinding Energy

•Biomass Liquefaction

•HP Dry Feeder

Focus

•Develop and Apply 

Computational Methods to 

Solve Technical Challenges

Active Research

•CFD Model (NETL C3M)

•Validation Studies

•NRC Canada

•PSDF in Alabama

Sympatec QICPIC Particle Size and Shape Analyzer

EQPC 518.250µm

FERET_MAX 1711.286µm

FERET_MIN 346.375µm

Sphericity 0.374

Aspect ratio 0.202

Image number 1894

EQPC 1791.934µm

FERET_MAX 3207.960µm

FERET_MIN 1057.977µm

Sphericity 0.626

Aspect ratio 0.330

Image number 1597

EQPC 841.364µm

FERET_MAX 2003.519µm

FERET_MIN 997.325µm

Sphericity 0.314

Aspect ratio 0.498

Image number 1922

EQPC 833.908µm

FERET_MAX 1559.947µm

FERET_MIN 762.443µm

Sphericity 0.525

Aspect ratio 0.489

Image number 1984

Focus

•Measure Chemistry in 

Real Gasification 

Environments

Active Research

•Fixed Bed/Lurgy

•Entrained/Drop Tube

•Advanced HP

Focus

•Develop New 

Materials that Last 

Longer in Gasification 

Environments with 

Broader Chemical 

Compatibility

Active Research

•Refractory Materials

•Slag Modeling
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Program Organization

NETL

Gasification

Program
NETL Office of 

Research &

Development

NETL Office of 

Systems, 

Planning & 

Analysis

Biomass

Preparation

Geo Richards

Dave Berry

Dirk VanEsselhoft

Ping Wang

Bruce Kang (WVU)

Derrek Elsworth (PSU)

Gasifier

Materials

Cindy Powell

James Bennett

Gasification 

Reaction Chemistry

Geo Richards

Bryan Morreale

Dirk Link

Nick Means (RDS)

Paul Zandhuis (RDS)

Goetz Veser (Pitt)

Nate Weiland (WVU)

Computational 

Modeling

Madhava Syamlal

Chris Guenther

http://www.pitt.edu/
http://onwardstate.com/wp-content/uploads/2009/03/penn-state-logo.jpg
http://www.google.com/imgres?imgurl=http://filebox.vt.edu/users/crluck/Virginia Tech Logo.jpg&imgrefurl=http://spaceports.blogspot.com/2007/04/prayers-for-virginia-tech-student.html&h=576&w=864&sz=38&tbnid=3VqA0OwjoCQQjM:&tbnh=97&tbnw=145&prev=/images?q=virginia+tech+logo&usg=__nday5DXlsZmJy5oTq51XouKzFfU=&ei=Y6JUSrH-JZG4NaHNiOII&sa=X&oi=image_result&resnum=3&ct=image
http://www.cit.cmu.edu/index.html
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Summary and Future Work

• NETL has a wide ranging program with the goal of 

understanding and addressing the technical and 

logistical hurtles involved in co-utilization of 

biomass with coal in Gasification

• Always interested in collaboration to develop new 

research areas and apply technology

• NETL is expanding research and applying 

knowledge and expertise to other technical areas 

such as Oxy-Fuel Combustion
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Questions
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Maurstad, O., H. Herzog, et al. (2006). Impact of Coal Quality and Gasifier Technology on IGCC Performance. 

8th International Conference on Greenhous Gas Control Technologies. Trondheim, Norway.

Why High Pressure Dry Feeding?
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Background

Coal

• National resource 
with over 200 years 
supply

• Currently supplies 
over 50% of US power
– Potential to supply 

transportation fuels

Biomass

• Carbon neutral

• Renewable
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Project Overview
How Significant of a Resource is Biomass?

Mbrandt, A., A Geographic Perspective on the Current Biomass Resource Availability in the United States. 2005, National Renewable Energy Laboratory: Golden CO.

Net Generation by Energy Source: Total (All Sectors). : http://www.eia.doe.gov/cneaf/electricity/epm/table1_1.html

http://www.eia.doe.gov/cneaf/electricity/epm/table1_1.html
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Project Overview
Where is Biomass Located in the US?

325-423 MDTA

Mbrandt, A., A Geographic Perspective on the Current Biomass Resource Availability in the United States. 2005, National Renewable Energy Laboratory: Golden CO.

Net Generation by Energy Source: Total (All Sectors). : http://www.eia.doe.gov/cneaf/electricity/epm/table1_1.html

http://www.eia.doe.gov/cneaf/electricity/epm/table1_1.html
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Task 1: Biomass Preparation & Feeding
Example of Preprocessing Results: Torrefaction

Before and After Grinding for  6 min in a 3” Ball Mill Before and After Grinding for  6 min in a 3” Ball Mill

Cherry Wood, 200oC, 1hr Cherry Wood, 280oC, 1hr

Young’s Modulus = 1.63 +/- 0.26 Young’s Modulus = 0.67 +/- 0.21
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Young’s Modulus Measurement



17

Energy Consumption

** Energy consumption of the Ball Mill Instrument, not the actual grinding energy on the 

biomass materials
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Young’s Modulus of Biomass Materials
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Task 3. Gasifier Reaction Chemistry 
Influence of Co-Feeding on Gaseous Products

Total feed load of 1g

- - - Predicted Model

Prediction = [(xbiomass)*(mbiomass)]+[(xcoal)*(mcoal)]

(SG + Ill#6, 900oC, 30 psi, Ar)
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Task 3. Gasifier Reaction Chemistry 
Influence of Co-Feeding on Gaseous Products
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Task 3. Gasifier Reaction Chemistry 
Product Distribution Trends
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GOAL:  control 

refractory  

corrosion and 

slag flow

Refractory 

Corrosion

Critical Slag 

Viscosity

Task 4: Gasifier Materials
Refractory Material and Slag Testing

Biomass Data

Task 1

Task 3


