Oregon Torrefaction

Biomass Test Burns at Coal power Plants and Fuel Production
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iOregon Torrefaction, LLC

Mission: Advance forest health & rural, foregth community vitality

As an Oregon Benefit Compang purpose of Oregon Torrefaction

Includes creating a material, positive impact on society and the
environment
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Consortium for Advanced Wood - to- Energy Solutions

PublicPrivate Research and Commercialization Entity Focused ¢
Torrefaction of Biomass and Power Plant Use

w$4.8 million initial investment by USDA and naofit US Endowment
wUtility Testing of Torrefied Biomass
wDensification

wManufacturing pathways

wEconomics " '
wLife Cycle Assessment & Carbon Implications :!S | U.S. Endowment
_ or Forestry and Communities
wFull Safety Evaluation
Forest Products
wAddress Knowledge Gaps Laboratory
Research Working For You e@
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iContext - Unhealthy Forests

Over 50 years of Fire Suppression = Unchecked Growt

wEcologically unbalanced Forests
wEXxcess fuel buildup

Combined with recent severe draught

b2g> C2NBau CANBax
wBurn hotter
wConsuming increasing acreage
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Context - Normal and Not

Controlled Burn, Central Oregon USE
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Context - The Effect

Portland, 2017 [ 24 ! y3StSas wmdopc nQa
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A Solution

Thinning and removal of excess fuel to retewological balance

Needd a | NJ Sto beteffizierit ¢

w Biochar

wWhite Pellet fuel

wActivated Carbon

wTorrefied Biomass as a solid fuel for Power Generation

Torrefled Biomass

w Can substitute for coal
wDeliver Energy and Capacity like Hydro or Geothermal e@

Oregon Torrefaction



Basic Tenets

Biomass in Oregon

w Counts as a source of renewable power
w Helps Electric Generating Utilitigegfill Renewable Portfolio
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w The biomass must be madespy so that it will pulverize
w Pulverized torrefied fuel is then fed into the Boiler

Key Things the Torrefied Fuel has to do:

w Grind well
w Burn well
w The ash (emissions) have to behave
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Torrefaction

Biomass Is roasted in low oxygen environment

w Similar to roasting coffee beans
w About a half step below making charcoal

Thermally efficient process

w > 90% thermally efficient
w Kick start the process with enengy) atltermal condition
w CarbonCarbon bond formation ensues that is exothermic

AStRa I t NBRdzOU UKL @

w Friable (Crispy)
w More energy dense than feedstock e@

w Moisture content typically < 5%
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Decreases mass (deater)

Becomes hydrophobic

Resists bacterial & fungal attack

Increases energy density

Decomposes volatile organics
al 1Sa GKS o0A2YIl aa

Sulfur & Hg remain low

Torrefaction Effects

Canary Reed Grass 9,400 21.84
Wheat Straw 9,700 22.54
Corn Stover 8,200 - 9,700 19.07 - 22.56
Willow 9,400 21.84
Pine 8,500t0 10,000 | 19.77 - 23.24
Bamboo 8,100 - 9,500 18.84 - 22.10
Giant Can€Arundo) 10,000 23.24
PRB Coal 8,500 19.75
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Drying + Torrefaction: White Fiber to Charred
Particle

Moisture reduced from 50%t05% | SYA OS fmf)dzft 2 4 S CarbonCarbon Bond Fotrrtatior &
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Torrefied Wood Chips from Forest
Restoration Treatments
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Densified Wood Chips via
Warren Baerg Cuber

Torrefied wood and PRB Coal
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Boardman Power Plant

A Morrow County, North Central Oregon

A 110 Staff; Odine 1980

A 8 pulverizers, ESP for Particulate control
A Powder River Basin (PRB) Coal

A PRB Coal: Low Sulfur, 30% Moisture, 8500 btu
A Full load: operate on 6 pulverizers, 2 Spares
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Torrefiers Used for Test burns

New Biomass Energy

Boardman Oregon Industrial Park (Homemade
A ReKlaim (Vertical Wyssmont)
A INL Unit (Horizontal Calciner type)

G{U2NB . 2dAKGEY
A New Biomass [Quitman, MS) ’
A Airex [Quebec] e@

Reklaim
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