@RQWT FBIUEL @R@

;*

‘\. /ll,‘!

Umvemty ,




Reasons for turning to Biofuel:

| TOM'S SHELL

¥ Self Cash or |
Serve Credit 1

ARM® |
LEG®

irsto |
orn |

Imports

Concerns About
Petroleum
Supplies

Greater

Recognition of
Environmental
Consequences
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B Cellulosic Ethanol (actual)

B Corn Ethanol (actual)
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Cellulosic Ethanol (mandated)
Corn Ethanol (mandated)
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12 Billion Gallons now (8%)
36 Billion Gallons in 2022 (26%)
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Biomass Feedstocks

Starch & Sugar based Feedstocks  Cellulosic Feedstocks

e Corn Ag Plant Wastes:
e« Wheat * Corn Stover
* Sugarcane * Cereal Straws

_______ * Forest Residues
LML P
e, & e%  Plant Wastes from
@  Industrial Processes

e Sawdust
* Paper Pulp

Energy Crops

* Miscanthus, Arundo



Food vs.

U.S. Total Corn Production and Corn for Ethanol
Department of Energy

12,50

World pop. > 7 billion
Malnutrition: approx. 800 million

-®- Production

Used for Ethanol SO LUTION =
Cellulosic Feedstocks

Billions of bushels
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Food vs. Debate

LET GO OF ggolutions:
MY EUELN

1) Grow Cellulosic Crops
instead of Food Crops




Plants to Fuel

The Basic Steps...

1. Convert feedstocks to
simple sugars

2. Fermentation (??7?)

3. Recovery of Ethanol
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’s traditional energy product
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Mining creates large expanses of reclaimed land. |
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54,000 acres of Iarjd reclaimed in Appalachia in 2010

e 75% isretlaimed to pasture/hayland

N1



...much is underutilized and unmanaged




| Why not reclaim land forbiofuel prductio? |
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- Large uninterrupted tracts
- Good road netwerks |
- Access to transbbrtéit‘ign hubs |

- Land not previously in‘ag production \
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SWITCHGRASS

Panicum virgatum L.

 Warm season, perennial, bunch grass

* Native to North America

 Well adapted to a variety of sites:
 pH49t0o7.5
* soils ranging from sand to loam

e Jittle to no fertilization or mgt

* extensive root system

* two ecotype
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itchgrass versus corn for ethanol product
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Example of “ldeal” biofuel crop
SPRING/
suMmver | FALL WINTER

Mineral nutrients

Translocation
from rhizomes
to growing
shoot

Source Dr. Steve Long, LIUIC 2008

Mineral nutrients

Translocation
to rhizome as
shoot
SEnesces

Lignocellulose
dry shoots
harvested,

nutrients stay in
rhizomes



Switchgrass versus corn for ethanol production:

Dlsadvantages” o i
e Slow and dlfflcult to establlsh ,

=2 Currently nowable market fﬂr
swﬂchgrass as ablofuel

e Bulky and dtfflcult to tTanspert __
e More costly to convert to ethanol? v“» G

LA



as a feed stock
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Switchgrass Yields

Study DM Yield |Description
(Mt ha?)

Fike et al., 2006a 14.1 4 cultivars, 8 sites, 5 states
(including WV)

Vogel & Masters (1998) 14.9 3 states in Midwestern US

Fike et al., 2006b 14.2 Years 6 - 9 of production

USDOE 11-19 Cave-in-Rock; 10-year study

(MclLauglin & Kszoz 2005) in 13 states

Schmer et al., 2008 5.2-11.1 Marginal cropland

Mulkey et al., 2006 <75 CRP land in South Dakota

Goal would be 5.0 Mt ha!



What we know....

* Need cellulosic feedstocks (FOOD VS FUEL)

e Switchgrass can produce good yields on
agricultural land and even on marginal croplands

* Ethanol production and fermentation process
from switchgrass is ongoing and under research

Could switchgrass grow on land even
poorer quality than marginal cropland?
... like reclaimed mine lands...



1984
Reclaimed land

GABriC Lands







Objective
To grow switchgrass on mined lands

and measure soil;p operties and yield
e 0
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Legend
Variety

- Carthage
[ ] cavein-Rock
[ ] shawnee

. Sampling Points

Hampshire

.Momamown
. Hampshire Hill

West Virginia

Charleston
L]

\ Hobet 21



Legend

arity Hobet

- Carthage
:I Cave-in-Rock
\:l Shawnee

o Random Points

.Momantown
" Hampshire Hill

West Virginia

Charleston
L

X Hobet 21
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Hand seeding at Hobet
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Results - Yield

Gth Yr

“"Hampshire Hobet
Mt ha't
Cave in Rock  19.0 1.8
Carthage @ = 5.7 1.5
Shawnee 10.0 1.5

wyariety .
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Research Questions

Can switchgrass be grown on
reclaimed surface mines?

Produce yields similar to
agricultural soils?



-~ Where do our numbers stand?

7, Qo

- 12.0Mthal

| Goal of 5.0 Mt ha! s
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Objective: Switchgr ss, Miscanthus, Arundo
growth on mined a_" ds and determine yield
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/ 5 plots Kanlow
\ =3 3~ 5 plots BoMaster
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Switchgrass drilled into killed sod
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Miscanthus planting trial
at Alton, WV
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Plant Species znd Yr 3rd Yr 4th Yr

Switchgrass

C\ENRILLTAN 4.0 (2.6) 49 (1.1) 4.9(3.5)

BoMaster | 237 (125)0 420 (SET)0 - S B R

Goal of 5.0 Mt hal
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OWiiEnErass = 2012 = 3™ Wi
Alton




Switchgrass = 2013 - 4t Yy

Alton — about 5 Mt ha™*
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rlartSpeces

----------------- Mt ha! ----meeemeeeo-

2.2(2.0) 4.9(3.0) 7.0(6.6)

6.5 (5.8) 15.5(10.4) 11.1 (6.8)

0.5 (0.18) 0.8 (1.2)

Wide Variation in Yields across plots!






Miscarithus —2012 - 31 Yr
about 9 Mt ha* 10/25/2012
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Plant Species| 2nd yy 3rd Yr 4th Yy

Arundo <0.5(0.1) 0.8 (1.2)

Wide Variation in Yields across plots!



Arunce (Glant Cana) = 2012 = 2™ Y
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Plant Species 2" Yr 3rd Yr

Coal Mac

Arundo 2.9(1.6) 12.5(8.5)

Wide Variation in Yields
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Objective: Swit
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1. Two site (f'ﬂ 2 Wilds (mJ ’/J//// /'///
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2. Cave-In-Rocl “iz.;u‘i‘.c Ngras }///,-« '/,//
3. Miscanthus™ 7207 7’-"//-//
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Keep track of where these sites are!
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Miscanthus rhizomes
Planted
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SITE

Plant Species

MWV

Wilds

U "

L.ow Yield at the end of one growing season
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Sustainable E.'margy Parks!
Potential Uses of Reclaimed Land

Coal Mined
Biomass Planted-
Forest and Grass
Co-fired

P -



Coal — Biomass Fired and Wind

Much-Work To Do!’
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