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Biomass Gasification Research in U.S.

= Universities
* lowa State University
* University of Utah
* University of California

= National Laboratories
 NREL (National Renewable Energy Laboratory)
* INL (Idaho National Laboratory)

= Commercial Research Organisations
 GTI (Chicago, IL)
* RTI (Raleigh, NC)
« SRI (Raleigh, NC)



U.S. Biomass Gasification Technology Providers

= Carbona

= Concord Blue
= Emery Energy
" InEnTec

= Sundrop Fuels
= TRI

= Others...



Update to U.S. Biomass Gasifier Database

U.S. Dept. of Energy recognized that existing database
of U.S. gasifiers was outdated and commissioned BCS
Inc. to research and update gasifiers

Update conducted by Zachary Peterson and Michael
Bernstein during Fall 2013 and Spring 2014

Considered EIA database, GTC/DOE database, plus
conducted independent research and contacted plants

EIA database includes 13 commercial plants
32 additional plants identified by BCS

« 20 confirmed operational
« 3 confirmed in planning / development
9 still waiting for response from plant operator

Updating continues



U.S. Gasifier Database Update

Street Address
‘Cox Waste-to-Energy Cox Waste to Energy 1001 Mew Columbia Rd  Campbellsville  Taylor Ky 1595 Weod/Wood Waste Solids
‘Cox Waste-to-Energy Cox Waste to Energy 1001 New Columbia Rd  Campbellsville  Taylor Ky 1 2002 Wood/Wood Waste Solids
Ewergraan BicPower LLC Evergrean BioPower LLC 141 14th 5t Lyons Linn OR 21 2007 Wood/Wood Waste Solids
Ingredien Inc - Winston Salem Ingredion Winsten $alem 4501 Overdale Read ‘Winsten-Salem  Forsyth T 1.5 1585 Weood/Wood Waste Solids
Ingredion Inc - Winston 5alem Ingredion Winston Salem 4501 Overdale Road ‘Winston-Salem  Forsyth NC 0.8 1553 WoodMood Waste Solids
Riceland Foods Inc. Riceland Foods Cogeneration Plant M. Park Awve & HWY 79 Stuttgart Arkansas AR 18 1557 Other Biomass Sclids
Seneca § inable Energy LLC Seneca Sustainable Energy LLT 29650 E Enid Road Eugene Lane OR 19.8 2011 ‘Weod/Wood Waste Solids
‘Gettysburg Energy and Nutrient Recovery Facility LLC Gettysburg Energy & Nutrient Recovery Fa York Springs Adams PA 33 Agricultural By-Preducts
IMEDQS New Planet BioEnergy Indian River BioEnergy Centar Vero Beach Indian River FL 6.4 Other Biomass Gas
MeadWestvaco Carp Covingten Facility Covingten Covingten City WA 824 ‘WoodWood Waste Solids
TBE Montgomery LLC 57472 TBE-Montgomery LLE Montgemery  Orange NY 9 ‘Other Biomass Gas
TBE Montgomery LLC S6TRS 51472 TBE-Montgomery LLE Montgomery  Orange WY 12 ‘Other Biomass Gas
Plainfield Renewable Energy, LLC 56067 56847 Plainfield Renewable Energy LLC Flainfield ‘Windham T 43 ‘Wood,Wood Waste Sclids
Seale
Organization Gaslfier Type [ T = [ Status Contact Information Comments Findings Location

M- Heat Transfer i e Festefar com/prad
e Inc. . it emine.camyserve

Syratyss Secovery Cven test and demanstradlim S arals 5300 Orange Ave.. {yrolys aroces bty Jamshen] *wa ing on fa oo up (smal| | Skerse o, Ch
Coizr Heated Bilat Sumdron Fuels, Inc 1722 Sowelcer Stroct, Guits 101 Lmlwmq,cuad Uncer =)
Therma Technolagies LLE also SynGaste & Wiley Consulting | D | aF zi 5 an: mo g piemall] |Toledo, OH

Thermochem D 1,800-18, %00 dry sclids aF g il) | Wew Bern, NE

University of Scuth Caralina. - L University of Scuth Caralina -1220 Catawba £ Calumbia, SC 25208 Ur
West blofues i g i) | Wacdiands, Califorais
____

Planned for development or under construction
Status Unconfirmed,/Unverified



U.S. Integrated Biorefinery Projects
U.S. Dept. of Energy Interactive Map

http://www1.eere.energy.gov/bioenergy/integrated_biorefineries.html

IBR PROJECTS
.Li-_:jnnl

Fat. Biogasol

Zeachem

® pmyris .
oo™ Rentech ClearFuel
® Logos 20 Rerigch ClarFuels

¥ Abengoa

® Sapphire
PROJECT SCALE ciick to sefec)
® Research and Development
® Pilot ® uop
® Demonstration
& Commercial

® Grey markers signify projects that are no longer active with BETO

Click on the project locabions fo see mare informaltion and locations are approximate

- ®RsA
“ Mascoma

® Flambaau .

'® New Page
o POET !
oy Tl
Haldor “REN .
Solazyme @ ® Fjoyqnce ks DR

Zicm
' ® ADM

.i Bluefire
Enerkem GA
b5 ® RangeFusls
® 1 yriant g

® \erenium

®INEDS
Algenal



INEOS Indian River Bioenergy Center

INEOS Bio, Vero Beach, Florida

= Feedstock: Vegetable and yard waste, MSW

= Products: Ethanol and power

= Scale: 300 tons feed/day

= Gasification technology: Proprietary oxygen-blown
= Cost: More than $130 million

= Status: First biofuel production July 2013

= Update Dec 2013: “"Bringing the facility on-line and up to capacity has
taken longer than planned due to several unexpected start-up issues at
the Center. These efforts have highlighted some needed modifications
and upgrades.”

INEQS
Bio

Source; www.ineos.com



GTI / Haldor Topsoe Pilot Plant

Chicago, lllinois

* Feedstock: Wood chips

* Products: Gasoline

= Scale: 20 tons/day feed; 20 bbl/day gasoline
= Gasification technology: Carbona

= Cost: unknown

= Status: First gasoline production June 2013

Source: www.topsoe.com, www.gastechnology.org



Zeachem Pilot Plant

Boardman, Oregon

* Feedstock: Poplar + others

= Products: Ethanol + intermediate chemicals

= Scale: 10 tons/day feed; 250,000 gal/yr ethanol

= Gasification technology: Proprietary; gasifies only lignin

= Cost: unknown
= Status: First ethanol production March 2013
= Status May 2014: Continued operation

Source: www.zeachem.com 9



Enerkem Pilot Plant

Ponotoc, Mississippi

= Feedstock: MSW and wood residues

= Products: Ethanol and methanol

= Scale: 300 tons/day feed; 10 million gallons/year
= Gasification technology: Enerkem proprietary

= Cost: unknown

= Status: Under development

3 Updatc? May 2014: Still under development... Construction not yet
starte

Source; www.enerkem.com 10



Freedom Pines Biorefinery

Soperton, Georgia

Freedom Pines
= Targeting biofuel production Biorefinery

through LanzaTech’s syngas
fermentation technology

= Host site is old Range Fuels site Iin

Soperton, Georgia. Acquired for RERORMER PROCESS
Freedom Pines Biorefinery in e
January 2012 °° S i
oo gt
= Concord Blue chosen as X e
gasification technology provider % %% L o
= Rebuilding for new configuration % v gl‘;“.;;i‘:’,‘ﬂ;i::::m
still ongoing o LSS T
..Il L
a®
@&
- [
y @ 99.99% PURE
LanzaTech 9 |i| e

Source: www.freedompines.com, lanzatec.com, concordblueenergy.com
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West Biofuels

Woodlands, California

Feedstock: Unspecified biomass

6 ton/day pilot

Repotec dual bed gasifier

Targeting electricity production
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Source; www.westbhiofuels.com



Research at the University of Utah

= Lab-scale characterization TR

 High pressure TGAs (2) =

* High pressure wire-mesh heater i =

« High temperature drop tube / ' ’1":%2‘:,"2‘:‘&::”‘
LEFR reactors R v ¥, _

= Lab-scale reactors

* Indirectly heated 10 kW steam
fluidized biomass gasifier (or stearn 0]

 New 10 kW dual bed system

= Semi-pilot / PDU-scale systems

« 200 kW, pressurized bubbling
fluidized bed gasifier

* 500 kW, pressurized O,-blown
entrained-flow gasifier
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Gasification Research Laboratory
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Pressurized Fluidized Bed Gasifier

Gasifier

*Steam, air or O,-blown
*Bubbling bed system
*Max 35 kg/hr biomass
*Max temp: 860° C
Max pressure: 20 atm
80 in-bed heaters

«32 kW power input

Gas Handling
Internal cyclone

*Hot particulate filter
*Pressure control valve
*Thermal oxidizer
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Pressurized O,-blown Entrained-Flow Gasifier

= Max 1.5 ton/day (=500 kW)
= 30 atm max pressure

= Fuels processed
« Coal slurry
« Petcoke slurry
« Petroleum liquids

« Some bio-liquids
= Laser-based monitoring 1T ]
E.é-fgllmator - Tglimawr
) |OI t

—— Stanford TDL data
= GC measured data
—— CAl analyzer data
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T~ 80C
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Chemical Looping / Dual Bed Gasifier System

17



Chemical Looping / Dual Bed Gasifier System
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