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Feedstock and Conversion

Previous Activities in the Northwest

e WA Dept of Ecology Biomass Inventory

e NARA — Forest Residuals

e AHB - Poplar

 SAFN Focus Feedstocks

Snapshot of Northwest Feedstocks and Potential Fuels
Supply Chain Considerations

e ASCENT — Oilseeds and Waste FOGS

e NARA — Forest Residuals

TODAY’S TALK
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Interaction of Feedstock and Conversion Method 2019 = Washingon Ser

Gasification & FT (FT-SPK) 50% max blend
B Hydroprocessing (HEFA-SPK) 50% max blend
8 Biochem sugars (HFS-SIP) 10% max blend
2 Aromatic tweak of FT (FT-SPK/A) 50% max blend
Conversion of alcohols (ATJ-SPK) 30%0 max blend
FT-SPK Lignocellulosics, MSW
£ HEFA-SPK Fats, Oils, Grease
§ HFS-SIP Sugar, Starch, Cellulose
& FT-SPK/A Lignocellulosics, MSW

ATI-SPK Sugar, Starch, Cellulose

Modified from: S. Csonka (2017) The development and commercialization of Sustainable Alternative Jet Fuel (SAJF).
ATIP Regional Forum. Richland, WA.
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2019 — Washington SAF

Yield of Fuel from Feedstock Seatle, WA

PATHWAY PRODUCT YIELD
(gals/BDMT feedstock)
ATJ 57
Pyrolysis 60-65
GFT 46-53
HEFA 285-290
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2019 — Washington SAF

Seattle, WA
e Extensive inventory of 45
sources in WA =
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Biomass Waste

Biomass Inventory and Bioenergy
Assessment

¢ AVa i I a b I e M a S S E St i m a te S An Evaluation of Organic Material Resources

for Bioenergy Production in Washington State

e County Level

e Low Resolution

A=
DEPT OF ECOLOGY A
BIOMASS INVENTORY e

Frear, C., Zhao, B., Fu, G., Richardson, M., Chen, S. and Fuchs, M., 2005. Biomass inventory and bioenergy assessment: an
evaluation of organic material resources for bioenergy production in Washington State. Department of Biological
Systems Engineering, Washington State University and the Solid Waste and Financial Assistance Program, Department of
Ecology, publication, (05-07), p.047.
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USDA Feedstock Supply Chain Programs T

% Pine I Eucalyptus ¥ Sugar Cane/Energy Cane
i Forest Residues & Willow w Perennial Grasses

Beetle-killed Pine Poplar \I‘Q‘ ~ Sorghum

ffice of
VVI\JDLLILINU L\UJLN (JLIYL L

IVERSITY Clean Technology
guN



2019 — Washington SAF
Seattle, WA

No single feedstock or technoloqgy

pathway is likely to provide sustainable SUSTAINABLE

AVIATION FUELS
] NORTHWEST:

aviation fuel at the scale or speed
needed to achieve our goals. Therefore,
this report focuses on a portfolio of
options. They include different
conversion technologies and sources of
potentially sustainable biomass,
including oilseeds, forest residues, solid
waste, and algae.

SUSTAINABLE
AVIATION FUELS NW
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Oil from
Oilseeds

(MT/yr)

100
5,000
10,000
15,000

20,000

% degree grid cells

Map shows Maximum Oilseed
Production Scenario:

Would require ~1.8 M acres.
2017: 86,000

2018: 118,000

US Canola Association




Used
Cooking Oils

(MT/yr)

Census Bureau
Urban Areas with
Population greater
than 100,000




Animal Fats

(MT/yr)

o 3,000

@ 1500
‘ 30,000

. 45,000

Production at
Major Packing
Plants




Forest
Residuals

(BDMT/yr)
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Municipal
Solids Waste

(MT/yr)

® 400

® 3,000

Census Bureau
Urban Areas with
Population greater
than 100,000




Feedstock and Fuel Totals

Forest |Combined Lipid
Residuals Feedstocks
Washington 1,940,000 463,000 370,000 17,900 75,700
Oregon 1,930,000 214,000 116,000 9,790 0
Idaho 435,000 148,000 143,000 1,880 2,720
Western Montana 318,000 0 0 0 0
Total (tonnes) 4,620,000 825,000 629,000 29,600 78,400
Total Possible Distillates (MMgals) 262 240
Possible SAF (MMgal) 262 132
TOTAL Possible SAF
(MMgal) 432
SEA - 2017 Fuel Uplift
(MMgal) 613
PDX - 2017 Fuel Uplift
(MMgal) 177
WASHINGTON STATE

@UNIVERSITY
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Seattle, WA

Municipal

Solids

Waste

1,370,000
747,000
144,000

0
2,260,000
113

37
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OREST
SIDUALS
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INTEGRATED
BIOREFINERY
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2019 — Washington SAF

Trucking / Grinding Options Ceatie, Wi

Forest
Residues Pile

Centralized

—
~ Yard

N o \

Forest Residues b
Piles \

Lowboy
€==)

To Bioenergy
Plont Front Loader

Centralized

Excavator

Forest
Residues Pile

~ - {
To Bioenergy

Plant

To Mill

Forest
Residues Pile

Bin truck

s NARA

Northwest Advanced Renewables Alliance



Delivered Costs — Residues — Longview, WA

2019 — Washington SAF

Seattle, WA

$90

$80

$69.23 / BDST
Pulp takes 30%

L
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$63.42 / BDST

Taking T&L and PL

S50

NARA Model pulp takes 30%

$/BDST Delivered w/o stumpage
11
[o)]
o
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L~
——NARA Model pulp takes none
S40
$30 -+ T - - -
200,000 400,000 600,000 800,003 1,000,000 1,200,000 1,400,000 1,600,000 1,800,000 2,000,000
BDST per year to Longview Site
rgusns NARA

Northwest Advanced Renewables Alliance



Capital Costs of Production Plants e s Wi

GFT

Pyrolysis

A2) - LS/AC

A2] - electricity

HEFA

S0 $5 $10 $15 $20 $25 $30 $35 $40

TCI $/gal fuel produced
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Precipitation Driven Rotations A




Oilseeds Rotational Crops in the NW B

" A/
-— -
- A -

SMALL GRAINS PULSES BRASSICA OILSEEDS
*  Winter Wheat * Peas * Canola/Rapeseed
* Spring Wheat * Lentils *  Mustard

* Barley * Garbanzo Beans * Camelina

e Carinata
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ESTIMATED SPRING /N~
CANOLA YIELDS ASCENT

Yield (bushels/acre)

I Miles
0 25 50 100 150 200




Simple Oilseed to Fuel Supply Chain

OILSEED
CRUSHER

T

GREEN JET
FUEL

2019 — Washington SAF
Seattle, WA

KEY

- Inputs

Operations

Outputs
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Actual Oilseed to Fuels Supply Chain

FATS, OILS
& GREASES

EDIBLE BIODIESEL
OIL MARKETS e

BIODIESEL&
GREEN
DIESEL

OILSEEDS
(HARVEST)

OILSEED
STORAGE

TERMINAL
ELEVATOR

OILSEED
CRUSHER

HEFA
REFINERY

GREEN JET GREEN
FUEL NAPHTHA

2019 — Washington SAF

Seattle, WA
KEY
IMPORTED
OILSEEDS
Inputs
Operations
OILSEED
MEAL Outputs
MARKETS
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100% of Maximum Oilseed Production 2019 ~ Washington SAF

Seattle, WA
ANACORTES, HOQUIAM

MAXIMUM OILSEED
PRODUCTION
LINK TYPE “

Oilseeds at harvest

Oilseeds post harvest

Lipid feedstocks

Qilseed Meal
LINK USE (tons)

25k 50k 200k 400k 800k
PRODUCTION NODES

o -
Oilseeds Harvest .

. Fats, Oils, & Greases

INTERMEDIATE NODES

O Elevator

Empty
O Oilseed Crusher ei In Use

Elevator Storage Capacity (Tons)
10k 50k 100k 250K

Node Use

o @
e
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o
EXIT NODES
A HEFA Refinery
A Biodiesel Plant
A Oilseed Meal Market
200 “
Miles A
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50% of Maximum Qilseed Production 2019 ~ Washington SAF

Seattle, WA

ANACORTES, HOQUIAM

50% OF MAXIMUM OILSEED
PRODUCTION

LINK TYPE

Oilseeds at harvest
Oilseeds post harvest

Lipid feedstocks

Qilseed Meal
LINK USE (tons)

25k 50k 200k 400k 800k

— el

PRODUCTION NODES
Qilseeds Harvest . P

. Fats, Oils, & Greases

INTERMEDIATE NODES
Node Use

O Elevator Empty

O Oilseed Crusher ‘i In Use
Elevator Storage Capacity (Tons)

10k 50k 100k 250K

° ) (] (]
EXIT NODES

A HEFA Refinery
A Biodiesel Plant
A Oilseed Meal Market
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QUESTIONS
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