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Biomass Usage Set to Rise Sharply

Renewable energy sources lead rise
in primary energy consumption

Figure 73. Primary energy use by fuel. 1980-2035
(quadrillion Btu)

120 History 2010  Projections

Renewables
(excluding biofuels) i
100 — m——

80 =
Natural gas

60 Nuclear

Coal
40

Petroleum and other liquids 37%
Share of total
U_S. energy use

2020

0

1980 1990 2000 2010




Biomass Energy Analytical Model®
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Assessing Biomass Availability

o Estimates total bio
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Crop Residues

e

Land Cover

- Open Water

I:I Perennial lce/Snow
I:I Developed, Open Space
I: Developed, Low Intensity
- Developed, Medium Intensity
- Developed, High Intensity
I:I Barren Land

- Deciduous Forest

- Evergreen Forest

I:I Mixed Forest

I:] Shrub/Scrub

I:I Grassland/Herbaceous
I:I Pasture Hay

- Cultivated Crops

|:| Woody Wetlands

- Emergent Herbaceous Wetlands
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Manure Residues
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Manure Species

Chicken Farms (Broilers)
Chicken Farms

Dairies

Beef Feedlots

Hog/Pig Farms

Chicken Farms (Layers)
Sheep/Goat Farms

Turkey Farms
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Distributed Woody Residues

Land Cover

- Restricted to Logging
- Open Water

I:I Perennial lce/Snow
I:I Developed, Open Space
Developed, Low Intensity
- Developed, Medium Intensity
- Developed, High Intensity
Ij Barren Land

- Deciduous Faorest

- Evergreen Forest

|:| Mixed Forest

I:] Shrub/Scrub

I:I Grassland/Herbaceous
I:I Pasture Hay

- Cultivated Crops

|:| Woody Wetlands

- Emergent Herbaceous Wetlands




Industrial Wood Residues
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Species-Specific Parameters

Seasonality Parameters

(o)

~60 Species/Commodities Incorporated
Jan |Feb |Mar| Apr May |Jun | Jul |Aug[Sep |Oct |Nov |Dec |Annual Total
Species Data Source [llSpecies Data Source Species: %l %% | %1% |%|%|%|%]|%]|%]|% %
Agriculture Residues: Agriculture Residues Cont: Hay All (Dry) T -T -T -T1wol23020]10]w0] -T - 100
Hay All (Dry) USDA NASS [Sweet Corn For Processing USDA NASS Hay Alfalfa (Dry) -] -] -| -[10]20]30)20])10] 5] 5| - 100
Hay Alfalfa (Dry) USDA NASS I Wheat Winter All USDA NASS Rice All -1 -1 -f - -] -]10)20)40]30]| -| - 100
Rice All USDA NASS Sorghum For Grain =] = == -l -] -[10]15(45]30( - 100
Sorghum For Grain USDA NASS Ba"ely All - - b -l -] 21251500125 -] - - 100
5 Canola = = = -1 20[30)30]2 = = = = 100
Barley All USDA NASS Woo'dy Re5|‘dues. Y —— N T -1 - I=lolxsl- o0
Canola USDA NASS lLogging Residue - HardWood USDA FS Cotton Amer. Pima -1 - - -1 -1 -1 -l2010s0]15 15 100
Corn For Grain USDA NASS Jllogging Residue - SoftWood USDA FS Cotton Upland -1 -1 =T -1 -1 -1 -T201050[15/[15 100
Cotton Amer. Pima USDA NASS lForest Management Residue - HardWood |BAMF Hazardous Fuels Beans Dry Edible - - -l - -] -fa2s)so]2s | - - 100
Cotton Upland USDA NASS EMForest Management Residue - SoftWood [BAMF Hazardous Fuels Wheat Durum - - -] - -] -]25|50 (25| -| -| - 100
Beans Dry Edible USDA NASS [lCoarse Wood Residue - Hardwood BAMF Industrial Wood Waste Flaxseed - -] -1 -1 -1515] -] -1 -] - 100
Wheat Durum USDA NASS [lCoarse Wood Residue - Softwood BAMF Industrial Wood Waste Peanuts for Nuts - of - ) -] -] -f25(50125) - 100
Flaxseed USDA NASS [MFine Wood Residue - Hardwood BAMF Industrial Wood Waste atatoesial] ol B BN N BNEN SN NEN BN PN 0N N 1£
Peanuts for Nuts USDA NASS IFine Wood Residue - Softwood BAMEF Industrial Wood . . . T
Potatoes All USDA NASS ElUrban Wood Waste - Tree clippings Based on US Census Burg B I O l I l aS S Res I d u e CO n Vers I O n S 100
Hay Other (Dry) USDA NASS . . .
Oats - (Fall) USDA NASS Human Produced Wastes: I Biomass Commodities Commodity to Biomass Conversion
Rye USDA NASS [Wastewater Treatment Plants Conversion | Residue | Animal | Other
Safflower USDA NASS Landfills Producing Methane Process |UID Species Category Product Unit to Biomass [Cover [Feed Use Collection
Soybeans USDA NASS
factor % % % %
Sugarcane For Sugar USDA NASS Animal Manure:
Sunflower All USDA NASS N| ¥ |aHo8 |Hay All (Dry) Crop Residue |Grass/plant tonnes 1.00| 030 035 o015 0.30
Sweet Potatoes USDA NASS |||| Y ALOB  |Hay Alfzlfa (Dry) Crop Residue  |Grass/plant tonnes 1.00 030 0.25 0.15 0.30
Sugarbeets USDA NASS Nl Y ARDE  |Rice All _ Crop Residue Husk/Shell/Pit tonnes 140 030 025 0.15
- Nl Y ASDB  |Sorghum For Grain Crop Residue |Straw (stalk/cobjear] [tonnes 140 030 025 015 0.30
Wheat Other Spring USDA NASS I ¥ |awos |[wheatan Crop Residue _|Straw tonnes 130| o030 o025| ois 030
Tobacco Air-Cured Light Burley |USDA NASS v [eros [parieyau Crop Residue _|Straw (stalk/cob/ear] _|tonnes 120 030 o025| o1s 030
Tobacco Flue-Cured Class 1 USDA NASS |'|| ¥ |cwos  |canola Crop Residue |Stalks tonnes 220| 030 025 o015 0.30
Green Peas For Processing USDA NASS |||| ¥ |cros |corn For Grain Crop Residue _|Corn stover tonnes 100 030 025| 015 0.30
Snap Bemis Farr Processing | 1SOA RIACS hu Y CTPO8 |Cotton Amer. Pima Crop Res?due Cotton Stalks tonnes 4.50 0.30 0.25 0.15 0.30
Crop Residue  |Cotton Stalks tonnes 4.50 0.30 0.25 0.15
D M I d P h : I P Crop Residue  |Straw (stalk/cob/ear) [tonnes 1.20 0.30 0.25 0.15 0.30
et al e yS I C a ar al I l et e r S Crop Residue |Straw (stalk/cobfear) [tonnes 1.30 0.30 0.25 0.15 0.30
Sl Straw (stalk/cobjear) [tonnes 120 0.30 0.25 0.15
Physical Parameters e [Husk/shellfpit tonnes 100 o030] o025] o01s 0.30
A a q e |stalks/Leaves tonnes 0.40 030 0.25 0.15 0.30
BtuHHV| BtuLHV | Ash Avg | Ash Min | Ash Max | Moisture fotaslin (Sod i (lehiotinefearbon} [Mercui Bstl i Grass/plant tonnes 1.00 0.30 0.25 0.15
(K ) (Na ) (CI ) (C ) (Hg) (S) Straw tonnes 1.30 0.30 025 015 0.30
Species: MMBtu | MMBtu| % o% % g/kg g/kg |weight %| weight |weight % | weight | [straw tonnes 160 030 o02s| 015 030
/Tonne | /Tonne (DAF) (DAF) (DAF) % (DAF) [% (DAF)fe |straw (stalk/cobjear] [tonnes 1.20 0.30 025| 0.15 0.30
Logging Residue - HardWood 18.8 17.4 0.9 0.2 2.6 11.3 1.20 0.01 0.0 49.7 0.0 0.1 Je [stalks/leaves tonnes 2.10 030 0.25 0.15 0.30
Logging Residue - SoftWood 19.9| 185 16 0.4 4.1 4.7 168 | 025 00| 519 0.0 0.0 |¢ [Bagasse [ECIninES 1.60 SN N =t
Forest Mgmt. Residue - HardWood 188 174 09 0.2 2.6 113 120 | o001 00| 497 oo oaf i:'alz‘fta'”‘“”ea” :”"”95 i;g g:g gz: Ei: 0.50
Forest Mgmt. Residue - SoftWood 199 185 16 0.4 4.1 4.7 168 | 025 00| 519 0.0 0.0 [o[talks/Leaves = : - - :
- Grass/plant tonnes 0.20 0.30 0.25 0.15 0.30
Coarse Wood Residue - Hardwood 18.5 17.2 0.9 0.4 2.1 15.2 0.98 0.04 0.0 50.0 0.0 0.1 Straw Tonnes 130 030 025 015 030
Coarse Wood Residue - Softwood 19.3 18.0 0.3 0.3 0.3 &3 0.38 0.04 0.0 49.8 0.0 0.0 [ stalks / stems tonnes 0.75 0.50 - -
Fine Wood Residue - Hardwood 17.2 16.0 1.5 8.0 - - 50.8 0.0 0.0 le |stalks / stems tonnes 033 0.50 - - 0.50
Fine Wood Residue - Softwood 18.4 17.2 1.1 34.9 0.49 0.03 0.0 49.3 0.0 0.0 fe |[stems [ leaves tonnes 1.50 - - - 1.00
oy
Urban Wood Waste - Tree clippings 19.5 18.4 15.6 1.4 39.4 35.4 4.15 2.05 0.1 51.1 0.0 0.1 e [stems [ leaves tonnes 210 - - -
T 7 [VoLOm |Sweel Lo ror Processme TOp Mesidue | Corn stover tonnes 100| ©030| 025| 015 0.30
; q ¥ |wwos |Whest Winter All Crop Resid st t 130 | 030 025 o015
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Densification and Processing Options

Wood as is

Wood Bundler
Small Wood Chipper
Large Wood Chipper
Gen Ag Bundler
Grassy Ag bundler
Producer Payment

Field/Forest Options

Pelletization with Chi 3,800.00
Briquettization with ( 3,780.00
Torrefaction with Chi 1,220.00
Pelletization 3,780.00
Briquettization 52.90
Torrefaction 1,200.00
Large Wood Chipper 13.00
Storage 31.00

Densification Options
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BEAM® Lower 48 States, Site Availability Assessment
(Grid Mode)
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BEAM®: Northern Missouri Switchgrass

Land Cover

- Open YWater

I:I Perennial lce/Snow

|:| Developed, Open Space
:] Developed, Low Intensity
- Developed, Medium Intensity

- Developed, High Intensity

E] Barren Land
- Deciduous Forest
- Evergreen Forest
|:| Mixed Forest
[ | shrubsscrub
|:| Grassland/Herbaceous
|:| Pasture Hay
- Cultivated Crops
|:| Woody Wetlands
-Emergent Herbaceous Wetlands ) . plant1
o 30% switchgrass, 70% lllinois #6
oY l‘é /’ ,’ "‘ @ﬂmm COa|
Fete ) 1g) | » Decision: switchgrass land--mix
o of available land types
SO V7)) (cultivated/hay-pasture) within
N 50-miles
7 « Plant location criteria

— Northern Missouri
— Rail transport of coal

K — Spur pipeline to major pipeline
Wichita e 44 ,

— Switchgrass feed rate: 4,240
short tons per day
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Required Land Conversion:
*10% Hay/Pasture
*5% Cultivated Cropland

I <500.000

[ ]1.250,001
| | 1500001

1,900,001

Biomass Energy Analytical Model

BEAM® Northern Missouri Switchgrass Exercise

—— CBTL - Product Pipelines
——+ CHTL - Major Railroads

Tons Switchgrass Per Year

[ ] 500,001 - 750,000
[ | 750.001- 1,000,000
[ ]1.000,001-

-1.500,000
-1.550.000

[ ] 1550,001-
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1,250,000

1,600,000
1,700,000
1,800,000
1,900,000

iy




Land cover / use

% spaog

@ FEMP Demand Site
I Open Water
[] Perennial Ice/Snow
[] Developed, Open Space
[ Developed, Low Intensity
[ Developed, Medium Intensity
I Developed, High Intensity
[ Barren Land
[ Deciduous Forest
B Evergreen Forest
[ Mixed Forest
[ shrub/Scrub
[1 Grassland/Herbaceous
[ Pasture Hay
[ cultivated Crops
[ woody Wetlands
[ Emergent Herbaceous Wetlands
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Transportation Costs
—~ 3 1

+ BEAM calculates transportation
." costs as function of time....

Y% Storage Site 9 (St09)
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0-10
10-20

W 20 - 30

I 30 - 40

| I 40 - 50

[ 50 - 60

I 60 - 70

Il 70 - 80

I 80 - 90

and functions of Distance.

02 4 8 12 16
T — — s

X x~
W@E N=TL  Enegis é- LLC
¢ ”

O O A }A\

).A{ Storage Site 9 (St09)

Distance (Miles)
0-10

10-20
[ 20-30
[ 30- 40
[ 40 - 50
I 50 - 60
Il 60 - 70
I 70 - 80

02 4 8 12 16
I — e




_|Densification Cost [ | 143.15 B i ™ : it A -
" |$/Tonne [ ]14368 : ki

BEAM®—Results: Pellets, Processed and Stored
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Cost-Supply Curve

SP009 Cost/Supply
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Biomass Conversion

Daily Tons Pellets
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About Enegis

Small business, locsa
Specialize in hig
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About Enegis

Areas of Expertise
— Energy resources and p
generation

* Biomass, coal, ¢
gas, solar, wi

Carbon cap
Environ
rationa

Poli
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