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Appendix A - Soil Sample Results






West Virginia University Soil Testing Laboratory
Morgantown WV 26506-6108

Soil Test Report-2010

WVU Lab No: 1109
County Name: Lincoln

Your Sample ID: W1
ASCS Cost Sharing:

4-14-10

312-9
County No: Lincoln
Sampling Date: 03/08/10

Field Acres: 1 Previous Crop: Soil Texture:
Tillage Method: Soil Name:
Soil Test Results:
LBS/ACRE Percent

PPM

pH - et e
P K CA MG O.M. ZN

CU MN

8.1 87 VH1 178 H1 2931 H1 771 VH1
This space for office use
CEC

Richard Herd

PO Box 6064 NRCCE WVU

H BS
Morgantown WV 26506
00 11
0 100

MO?

Available K CA MG
MEQ/100 G 0.2 7.3 3.2
0 SAT. 2 68 30

L.R. O Limed in last 12

RECOMMENDATIONS TO LANDOWNER FOR AGLIME AND FERTILIZER:

For: Tall Grass Hay or Pasture (Less than 30% legume)

Aglime

NONE

Nitrogen Phosphate Potash
(N) (P205) (K20)
50-200 LBS/A 25 LBS/A 60 LBS/A

THE ABOVE RECOMMENDATIONS ARE FOR A YEILD GOAL OF 3 TO 4
TONS/ACRE AND ASSUME A SOIL PH CORRECTED TO 6.5. N NEEDS DEPEND
ON DESIRED YEILD GOAL. K APPLICATION SHOULD BE REDUCED IF
MAGNESIUM (MG) IS LOW (LESS THAN 100 LBS/A).





USE ANY FERTILIZER OR APPROVED ORGANIC MATERIAL THAT WILL SUPPLY
THE PLANT NUTRIENTS RECOMMENDED. YOUR COUTY AGENT CAN SUGGEST
LOCALLY AVAILABLE FERTILIZERS TO SUIT THE RECOMMENDATION. APPLY 50
LBS/A OF N BY ITSELF OR WITH A COMPLETE FERTILIZER IN LATE WINTER
AND/OR SEPTEMBER. AN ADDITIONAL 50 LBS/A OF N CAN BE APPLIED AFTER
THE FIRST CUTTING IF DESIRED. RETEST YOUR SOIL EACH FALL.

West Virginia University Soil Testing Laboratory
Morgantown WV 26506-6108
Soil Test Report-2010

4-14-10
312-10
WVU Lab No: 1110 Your Sample ID: W2 County No:
County Name: Lincoln ASCS Cost Sharing: NO Sampling Date: 03/08/10
Field Acres: 1 Previous Crop: Soil Texture:
B
Soil Test Results:
LBS/ACRE Percent
PPM
0] [ ——— O e
P K CA MG oM ZN
CU MN
R0 SR o T IR0 L L =L
This space for office use
CEC
Richard Herd
PO Box 6064 NRCCE WVU Available K CA MG
H BS
Morgantown WYV 26506 MEQ/100 G 0.2 48 21
3.8 11
% SAT. 2 44 19
35 65
L.R. 1.9 Limed in last 12
MO?

RECOMMENDATIONS TO LANDOWNER FOR AGLIME AND FERTILIZER:

For: CORN SILAGE
Aglime Nitrogen Phosphate Potash
(N) (P205) (K20)
2 TONS/ACRE 150 LBS/A 70 LBS/A 120 LBS/A





THE ASSUMED ANNUAL YIELD GOAL IS 24 TONS/A. FOR A HIGHER GOAL,
INCREASE THE ABOVE RATES BY 12 LB OF N, 8 LB OF P205, AND 8 LB OF K20
PER TON. IF CORN IS PLANTED IN A LEGUME STUBBLE, REDUCE N RATES BY
40 LB/A. FOR SOD-SEEDED CORN INCREASE N RATES BY 25 LB/A.

YOU CAN USE ANY FERTILIZER THAT WILL SUPPLY THE PLANT NUTRIENTS
RECOMMENDED. CHECK WITH YOUR COUNTY AGENT ON LOCALLY AVAILABLE
FERTILIZER GRADES THAT SUIT RECOMMENDATIONS. FOR CONVENTIONAL
CORN, PLOW DOWN ABOUT 2/3 OF THE FERTILIZER. APPLY THE REST WITH
THE PLANTER BUT NO MORE THAN 5 LBS OF N. IF ADDITIONAL N IS REQUIRED
IT MAY BE SIDE-RESSED. PLOWING DOWN FERTILIZER IS USUALLY BETTER
THAN APPLYING FERTILIZER AFTER PLOWING AND THEN BROADCASTING AND
WISKING. MODERN PLANTERS WILL PLACE FERTILIZER 2 INCHES BELOW AND
TO THE SIDE OF THE SEED ALLOWING FOR HIGHER FERTILIZER RATES. WITH
OLD-STYLE PLANTERS, DO NOT USE OVER 50 LBS OF N PLUS K20 PER ACRE.
IF N IS SIDE-DRESSED, THE CORN SHOULD BE 8-18 INCHES TALL. AND THE
FERTILIZER SHOULD BE COVERED WITH 1 TO 2 INCHES OF SOIL.

NOTE: FOR ENVIRONMENTAL AND ECONOMIC REASONS, YOU SHOULD HAVE
MANURE AND SOIL TESTED AND ADD ONLY THE NUTRIENTS REQUIRED BY
THE CROP. IF YOU DO NOT HAVE A TEST ON MANURE, DECREASE THE PLANT
NUTRIENTS RECOMMENDED BY 5 LB OF N, 3 LB OF P205, AND 3 LB OF K20 FOR
EACH TON OF COW MANURE APPLIED BY 30 LB OF N, 20 LB OF P205, AND 10 LB
OF K20 FOR EACH TON OF POULTRY MANURE APPLIED.





West Virginia University Soil Testing Laboratory
Morgantown WV 26506-6108
Soil Test Report-2010

4-14-10
312 -13
WVU Lab No: 1113 Your Sample ID: H1 County No:
County Name: Lincoln ASCS Cost Sharing: NO  Sampling Date: 03/12/10
Field Acres: 1 Previous Crop: Soil Texture:
Tilage MONOd, s e SO N, st
Soil Test Results:
LBS/ACRE Percent
PPM
pH - e e L
P K CA MG o.M ZN
CU MN
7.5 55 H1 209 H1 4481 VH1 581 VH1
This space for office use
CEC
Richard Herd
PO Box 6064 NRCCE WVU Available K CA MG
H BS
Morgantown WV 26506 MEQ/100 G 0.3 11.2 24
00 14
% SAT. 2 81 17
0 100
LR. O Limed in last 12
MO?

RECOMMENDATIONS TO LANDOWNER FOR AGLIME AND FERTILIZER:

For: TALL CRASS HAY OR PASTURE (LESS THAN 30% LEGUME)

Aglime Nitrogen Phosphate Potash
(N) (P205) (K20)
NONE 50-200 LBS/A 40 LBS/A 60 LBS/A

THE ABOVE RECOMMENDATIONS ARE FOR A YEILD GOAL OF 3 TO 4
TONS/ACRE AND ASSUME A SOIL PH CORRECTED TO 6.5. N NEEDS DEPEND
ON DESIRED YIELD GOAL. K APPLICATION SHOULD BE REDUCED IF
MANGESIUM (MG) IS LOW (LESS THAN 100 LBS/A).

USE ANY FERTILIZER OR APPROVED ORGANIC MATERIAL THAT WILL SUPPLY
THE PLANT NUTRIENTS RECOMMENDED. YOUR COUNTY AGENT CAN
SUGGEST LOCALLY AVAILABLE FERTILIZER TO SUIT THE RECOMMENDATION.
APPLY 50 LBS/A OF N BY ITSELF OR WITH A COMPLETE FERTILIZER IN LATE





WINTER AND/OR SEPTEMBER. AN ADDITIONAL 50 LBS/A OF N CAN BE APPLIED
AFTER THE FIRST CUTTING IF DESIRED. RETEST YOUR SIOL EACH FALL.





West Virginia University Soil Testing Laboratory
Morgantown WV 26506-6108
Soil Test Report-2010

4-14-10
312 -11
WVU Lab No: 1111 Your Sample ID: H2 County No:
County Name: Lincoln ASCS Cost Sharing: Sampling Date: 03/08/10
Field Acres: 1 Previous Crop: Soil Texture:
Tilage MONOd, s e SO N, st
Soil Test Results:
LBS/ACRE Percent
PPM
pH - e -
P K CA MG o.M ZN
CU MN
6.4 77 H1 243 VH1 4031 VH1 750 VH1
This space for office use
CEC
Richard Herd
PO Box 6064 NRCCE WVU Available K CA MG
H BS
Morgantown WV 26506 MEQ/100 G 0.3 10.1 3.1
1.8 15
% SAT. 2 66 20
12 88
L.LR. .9 Limed in last 12
MO?

RECOMMENDATIONS TO LANDOWNER FOR AGLIME AND FERTILIZER:

For: TALL CRASS HAY OR PASTURE (LESS THAN 30% LEGUME)

Aglime Nitrogen Phosphate Potash
(N) (P205) (K20)
NONE 50-200 LBS/A 40 LBS/A 0 LBS/A

THE ABOVE RECOMMENDATIONS ARE FOR A YEILD GOAL OF 3 TO 4
TONS/ACRE AND ASSUME A SOIL PH CORRECTED TO 6.5. N NEEDS DEPEND
ON DESIRED YIELD GOAL. K APPLICATION SHOULD BE REDUCED IF
MANGESIUM (MG) IS LOW (LESS THAN 100 LBS/A).

USE ANY FERTILIZER OR APPROVED ORGANIC MATERIAL THAT WILL SUPPLY
THE PLANT NUTRIENTS RECOMMENDED. YOUR COUNTY AGENT CAN
SUGGEST LOCALLY AVAILABLE FERTILIZER TO SUIT THE RECOMMENDATION.
APPLY 50 LBS/A OF N BY ITSELF OR WITH A COMPLETE FERTILIZER IN LATE





WINTER AND/OR SEPTEMBER. AN ADDITIONAL 50 LBS/A OF N CAN BE APPLIED
AFTER THE FIRST CUTTING IF DESIRED. RETEST YOUR SOIL EACH FALL.





West Virginia University Soil Testing Laboratory
Morgantown WV 26506-6108
Soil Test Report-2010

4-14-10
312-12
WVU Lab No: 1112 Your Sample ID: H2 County No:
County Name: Lincoln ASCS Cost Sharing: NO  Sampling Date: 03/08/10
Field Acres: 1 Previous Crop: Soil Texture:
Tilage MONOd, s e SO N, st
Soil Test Results:
LBS/ACRE Percent
PPM
pH - e e L
P K CA MG o.M ZN
CU MN
7.6 57 H1 194 H1 6504 VH1 847 VH1
This space for office use
CEC
Richard Herd
PO Box 6064 NRCCE WVU Available K CA MG
H BS
Morgantown WYV 26506 MEQ/100 G 0.2 16.3 3.5
0.0 20
% SAT. 1 81 18
0 100
LR. O Limed in last 12
MO?

RECOMMENDATIONS TO LANDOWNER FOR AGLIME AND FERTILIZER:

For: TALL CRASS HAY OR PASTURE (LESS THAN 30% LEGUME)

Aglime Nitrogen Phosphate Potash
(N) (P205) (K20)
NONE 50-200 LBS/A 40 LBS/A 60 LBS/A

THE ABOVE RECOMMENDATIONS ARE FOR A YEILD GOAL OF 3 TO 4
TONS/ACRE AND ASSUME A SOIL PH CORRECTED TO 6.5. N NEEDS DEPEND
ON DESIRED YIELD GOAL. K APPLICATION SHOULD BE REDUCED IF
MANGESIUM (MG) IS LOW (LESS THAN 100 LBS/A).

USE ANY FERTILIZER OR APPROVED ORGANIC MATERIAL THAT WILL SUPPLY
THE PLANT NUTRIENTS RECOMMENDED. YOUR COUNTY AGENT CAN
SUGGEST LOCALLY AVAILABLE FERTILIZER TO SUIT THE RECOMMENDATION.
APPLY 50 LBS/A OF N BY ITSELF OR WITH A COMPLETE FERTILIZER IN LATE





WINTER AND/OR SEPTEMBER. AN ADDITIONAL 50 LBS/A OF N CAN BE APPLIED
AFTER THE FIRST CUTTING IF DESIRED. RETEST YOUR SOIL EACH FALL.





West Virginia University Soil Testing Laboratory
Morgantown WV 26506-6108
Soil Test Report-2010

4-14-10
312 -8
WVU Lab No: 1108 Your Sample ID: S2 County No:
County Name: Lincoln ASCS Cost Sharing: NO  Sampling Date:
Field Acres: 1 Previous Crop: Soil Texture:
Tilage MONOd, s e SO N, st
Soil Test Results:
LBS/ACRE Percent
PPM
pH - e e e e
P K CA MG o.M ZN
CU MN
7.1 63 H1 171 H1 3555 H1 536 VH1
This space for office use
CEC
Richard Herd
PO Box 6064 NRCCE WVU Available K CA MG
H BS
Morgantown WV 26506 MEQ/100 G 0.2 89 2.2
00 11
% SAT. 2 78 20
0 100
LR. O Limed in last 12
MO?

RECOMMENDATIONS TO LANDOWNER FOR AGLIME AND FERTILIZER:

For: TALL CRASS HAY OR PASTURE (LESS THAN 30% LEGUME)

Aglime Nitrogen Phosphate Potash
(N) (P205) (K20)
NONE 50-200 LBS/A 40 LBS/A 60 LBS/A

THE ABOVE RECOMMENDATIONS ARE FOR A YEILD GOAL OF 3 TO 4
TONS/ACRE AND ASSUME A SOIL PH CORRECTED TO 6.5. N NEEDS DEPEND
ON DESIRED YIELD GOAL. K APPLICATION SHOULD BE REDUCED IF
MANGESIUM (MG) IS LOW (LESS THAN 100 LBS/A).

USE ANY FERTILIZER OR APPROVED ORGANIC MATERIAL THAT WILL SUPPLY
THE PLANT NUTRIENTS RECOMMENDED. YOUR COUNTY AGENT CAN
SUGGEST LOCALLY AVAILABLE FERTILIZER TO SUIT THE RECOMMENDATION.
APPLY 50 LBS/A OF N BY ITSELF OR WITH A COMPLETE FERTILIZER IN LATE





WINTER AND/OR SEPTEMBER. AN ADDITIONAL 50 LBS/A OF N CAN BE APPLIED
AFTER THE FIRST CUTTING IF DESIRED. RETEST YOUR SOIL EACH FALL.






Appendix B - Data Source Methodology






Factors Importance | Dataset Date Available

Area of site 1 available

Slope (percent) 1 2003 available

Wetlands (acreage) 3 late 1980s available

Current vegetation (competition) 3 2010 available

Streams (distance to closest) 3 2003 available

Landowners (number, number of companies) 2 Not available at
current time

Landowners (leases?)

Number of parcels Not available at
current time

Moisture index 2 2003 available

Acid Mine Drainage (acres) 1995 available

Abandoned mine land

presence/amount/adjacency

Mine permit status (released/active/etc) 1

Soil types varies available

Aspect 2003 available

Ecological land units (ELUs) 3 2003 available

Highway (distance to closest, miles) 1 2003 available






Paved roads (distance to closest, miles) 2003 available

Ethanol facilities (distance, miles) unknown

Railways (distance to closest, miles) 2005 available

Intermediate stockpile/processing locations unknown

(distance to closest, miles)

Population (within 15 minutes) 2000/2010/ | 1-2 months
2011

Population (within 30 minutes) 2000/2010/ | 1-2 months
2011

Population (within 60 minutes) 2000/2010/ | 1-2 months
2011

Nearest town/city (distance in miles) via road 2000 available

network

Roads (distance to adequate road infrastructure) 2011 available

Wind speed data unknown

Site configuration (shape) unknown

Forest fragmentation 2010 1-2 months

Power plants (distance to closest) 2003 available

Power lines (distance to closest) 2003 available

substations (distance to closest)

Development/structures (distance to closest) 2003 available






Sunny days per year 2008 1-2 months
Water supply (distance to) municipal 1-2 months
Precipitation (annual average) available
Bedrock, depth to available
Wells, distance to available
Rock formations available
Market proximity unknown







Appendix C - Indicators and Data Sources






Description and data sources used for GIS-based indicators developed

for n=612 potential SEP sites throughout West Virginia (sorted by status

of completion).
Indicator Status Description Data Source Date
COMPLETED
Abandoned completed |presence/ absence |WVDEP mapped Abandoned Mine Land 1996
Mine Land of AML features, [features (point, line, polygon) available from
status distance to closest |http://wvgis.wvu.edu/data/dataset.php?ID=
AML feature (m) |150
Area completed |area of site, in WVDEP Surface Mine Permits XXXX
acres
Aspect completed |area of site in WV SAMB 3 meter Digital Elevation Model |2003
multiple aspect
classes (particularly
south-facing)
Current completed [|area of forested, |2009/2010 interpreted land cover from 2009/2
vegetation non-forested land |Landsat TM 5 imagery (NRAC) 010

cover within site

Development/st

completed

Euclidean distance

WV SAMB mapped structures (available from

2003

ructures from site to http://wvgis.wvu.edu/data/dataset.php?ID=
(distance to nearest mapped |288)
closest) structure
Interstate completed |distance from site |[Road network and interstate on-ramp data |2007
highways along road network|from ESRI's Street Maps USA, an enhanced
(distance to to nearest version of US Census TIGER/Line data (2000)
closest) interstate highway

on-ramp
Major road completed |distance from site |[Road network, major highway, and interstate|2007
(distance to along road network|on-ramp data from ESRI's Street Maps USA,
closest) to nearest major |an enhanced version of US Census

road intersection [TIGER/Line data (2000)

(interstate or

US/state highway)
Mine permit completed |presence/absence |WVDEP Mine Permit Database, available 2011
status of current mine from http://gis.dep.wv.gov/

permit feature (all
permit status

types)






Indicator Status Description Data Source Date
Power lines completed |Euclidean distance [WVDNR (2003) (available from 2003
(distance to from site to http://wvgis.wvu.edu/data/dataset.php?ID=
closest) nearest mapped |395)
transmission line
Precipitation completed |average annual PRISM Climate Group 800m normals (Data  |1970-
(annual average) precipitation at site[from 1970-2000), available at 2000
WWWw.prism.oregonstate.edu
Railroad completed |distance from site [Bureau of Transportation Statistics National (2011
terminals along road network{Transportation Atlas Database (2011)
(distance to to nearest railroad |(available from:
closest) intermodal facility |http://www.bts.gov/publications/national_tr
ansportation_atlas_database/2011/)
Slope (percent) |completed [area of site in WV SAMB 3 meter Digital Elevation Model |2003
multiple slope
classes
Streams completed |distance to closest WV SAMB statewide surface water features (2003
(distance to mapped surface  |(available from
closest) water http://wvgis.wvu.edu/data/dataset.php?ID=
265)
Substations completed |Euclidean distance [WVDNR (2003) (available from 2003
(distance to from site to http://wvgis.wvu.edu/data/dataset.php?ID=
closest) nearest mapped |395)
power substation
temperature, PRISM Climate Group 800m normals (Data  |1970-
annual maximum [from 1970-2000), available at 2000
Temperature  |completed |average WWWw.prism.oregonstate.edu
Town/city completed |distance from site [Population centers defined as towns with
(distance to along road network|population (2000 Census) over 1000. Road
closest) to nearest netwrok from
population center
Water supply  |completed |distance from site [Proprietary dataset obtained from WV 2011
(distance to) to nearest Infrastructure and Jobs Development Council
municipal municipal water
supply facility
Wetlands completed |area of wetland USFWS National Wetlands Inventory varies
(acreage) features within site
Wind speed datalcompleted |wind energy National Renewable Energy Laboratory 2003

resource potential
at site (maximum
value)

(NREL) data from TrueWind LLC (available
from
http://wvgis.wvu.edu/data/dataset.php?ID=
369)

NOT AVAILABLE
STATEWIDE






Indicator Status Description Data Source Date
Landowners not current none statewide
(number, available landowner(s) for
number of statewide |site
companies)
Leases not current land lease |none statewide
available holder(s) for site
statewide
Number of not number of parcels |none statewide
parcels available for site
statewide
PLANNED

Ethanol facilities
(distance to
closest)

planned

distance from site
along road network
to nearest ethanol
processing plant

Currently working to locate appropriate
dataset

Intermediate planned distance from site |Currently working to locate appropriate
stockpile/ along road network|dataset
processing to nearest
locations stockpile/processin
g location

Power plants planned not available at this|Currently working to locate appropriate
(distance to point, more info  |dataset
closest) needed
ORIGINALLY
CONSIDERED,
REMOVED
FROM ANALYSIS
Acid Mine removed not needed
Drainage (acres) [from

analysis
Market removed not needed
proximity from

analysis
Paved roads removed distance from site
(distance to from to nearest paved
closest) analysis road feature
Population removed
(within 15 from
minutes) analysis
Population removed
(within 30 from
minutes) analysis
Population removed
(within 60 from
minutes) analysis






Indicator Status Description Data Source Date
Soil type removed not needed
from
analysis
Sunny days per [removed no suitable data
year from source located
analysis
TO BE
ANALYZED AT
SITE LEVEL ONLY
Bedrock, depth |[site level depth to bedrock |NRCS Statewide Soil Survey Geographic varies
to only at site Database (SSURGO) county level data
compiled statewide
Ecological land [site level area of site in Calculated with methods from Anderson et |{2003
units (ELUs) only multiple Ecological |al. (1998) using WV SAMB 3 meter Digital
Land Unit classes |Elevation Model
Forest site level area of site in 2009/2010 interpreted land cover from 2009/2
fragmentation |only various categories |Landsat TM 5 imagery (NRAC) 010
of forest
fragmentation
Moisture index [site level relative moisture |Derived from WV SAMB 3 meter Digital 2003
only index for site Elevation Model using methods from
(Grayson et al. 1992; Mitasova et al. 1996;
Moore et al. 1991; Boer et al. 1996;
O’Loughlin 1986; Parker 1982).
Rock formations [site level bedrock geology at |WVGES Geologic Map of West Virginia 1968

only

site, area by
category/type

(available from
http://wvgis.wvu.edu/data/dataset.php?ID=
43)











Appendix D - Portfolio of Candidate Sites






Site ID Acres of | County Site ID Acres of | County Site ID Acres of | County
Site Site Site
Site 1 307 McDowell | Site 101 | 653.2 Wyoming | Site 201 | 200.3 Fayette
Site 2 837 McDowell | Site 102 | 1112.2 Wyoming | Site 202 | 168.3 Logan
Site 3 118.2 McDowell | Site 103 | 151.5 Logan Site 203 | 158.1 Fayette
Site 4 338.5 McDowell | Site 104 | 524 Logan Site 204 | 184.8 Fayette
Site 5 395 McDowell | Site 105 | 872.6 Logan Site 205 | 151.4 Boone
Site 6 138.8 McDowell | Site 106 | 424.9 Logan Site 206 | 146.4 Boone
Site 7 978.6 McDowell | Site 107 | 124 Raleigh Site 207 | 100.8 Boone
Site 8 109.4 McDowell | Site 108 | 2064.1 | Mingo Site 208 | 417 Raleigh
Site 9 212 Mercer Site 109 | 105.6 Logan Site 209 | 809 Fayette
Site 10 | 153.1 McDowell | Site 110 | 134.1 Boone Site 210 | 136.8 Fayette
Site 11 | 895.2 McDowell | Site 111 | 134.1 Raleigh Site 211 | 193.1 Boone
Site 12 | 653.5 McDowell | Site 112 | 2056.1 | Logan Site 212 | 134 Mingo
Site 13 | 288.1 McDowell | Site 113 | 776.3 Logan Site 213 | 227.9 Boone
Site 14 259.7 Wyoming | Site 114 | 412.5 Logan Site 214 | 425.4 Boone
Site 15 | 485 Wyoming | Site 115 | 149.2 Raleigh Site 215 | 105.2 Boone
Site 16 | 239.7 Wyoming | Site 116 | 106.8 Boone Site 216 | 111.4 Fayette
Site 17 785.4 Wyoming | Site 117 | 135.8 Boone Site 217 | 149.3 Fayette
Site 18 114.5 Wyoming | Site 118 | 679.7 Mingo Site 218 | 164.4 Fayette
Site 19 | 109.5 Wyoming | Site 119 | 166.6 Boone Site 219 | 238.7 Fayette
Site 20 | 15714 | Wyoming | Site 120 | 307.9 Raleigh Site 220 | 171 Fayette
Site21 | 3234 Mingo Site 121 | 866.9 Logan Site 221 | 3104.5 | Boone
Site 22 | 101.9 Wyoming | Site 122 | 164.9 Raleigh Site 222 | 208.3 Lincoln
Site 23 | 117.6 Mingo Site 123 | 922.8 Logan Site 223 | 303.8 Mingo
Site 24 | 267.7 Mingo Site 124 | 317.4 Raleigh Site 224 | 104.8 Fayette
Site 25 | 113.6 Raleigh Site 125 | 692.6 Mingo Site 225 | 108.2 Wayne
Site 26 | 255.7 Mingo Site 126 | 1410.6 | Boone Site 226 | 181.5 Fayette
Site 27 | 312.1 Mingo Site 127 | 2895.7 | Logan Site 227 | 3560.6 | Raleigh
Site 28 | 1235.5 | Mingo Site 128 | 113.4 Raleigh Site 228 | 104.9 Fayette
Site 29 | 168.5 Mingo Site 129 | 180.8 Raleigh Site 229 | 142 Fayette
Site 30 566.6 Mingo Site 130 | 411 Mingo Site 230 | 110.9 Fayette
Site31 | 133.5 Raleigh Site 131 | 1375.8 | Logan Site 231 | 661.1 Lincoln
Site 32 341.2 Mingo Site 132 | 110.8 Boone Site 232 | 134.7 Boone
Site 33 141.3 Raleigh Site 133 | 475.2 Boone Site 233 | 107.8 Fayette
Site 34 1218.1 Mingo Site 134 | 168.4 Mingo Site 234 | 258.4 Boone
Site 35 246.1 Raleigh Site 135 | 140.8 Mingo Site 235 | 234 Fayette
Site 36 1295.9 Mingo Site 136 | 357.4 Mingo Site 236 | 231.4 Fayette






Site 37 3816.3 Mingo Site 137 | 177.2 Mingo Site 237 | 274.8 Wayne
Site 38 289.8 Wyoming | Site 138 | 2639 Logan Site 238 | 485.4 Kanawha
Site 39 700.1 Mingo Site 139 | 1066.5 Logan Site 239 | 190.9 Fayette
Site 40 301.8 Mingo Site 140 | 183.5 Boone Site 240 | 162.5 Wayne
Site 41 170.9 Mingo Site 141 | 141.7 Logan Site 241 | 480.5 Boone

Site 42 102.6 Wyoming | Site 142 | 3032.8 Logan Site 242 | 146.2 Fayette
Site 43 105.4 Mingo Site 143 | 243.2 Boone Site 243 | 1176.7 Boone

Site 44 | 339.2 Raleigh Site 144 | 102.2 Logan Site 244 | 2298.1 | Kanawha
Site 45 238.2 Wyoming | Site 145 | 101.1 Fayette Site 245 | 104.9 Fayette
Site 46 101.2 Mingo Site 146 | 723.4 Mingo Site 246 | 114.6 Wayne
Site 47 933.1 | Mingo Site 147 932.9 | Boone Site 247 316.2 | Greenbrier
Site 48 189.6 | Wyoming | Site 148 246.9 | Logan Site 248 179.5 | Boone

Site 49 792.8 | Raleigh Site 149 1693.8 | Raleigh Site 249 108.9 | Greenbrier
Site 50 376.9 | Mingo Site 150 234.5 | Raleigh Site 250 295.5 | Fayette
Site 51 223.7 | Mingo Site 151 114.4 | Boone Site 251 153 | Lincoln
Site 52 193.1 | Raleigh Site 152 215.5 | Greenbrier | Site 252 369 | Boone

Site 53 168.4 | Wyoming | Site 153 117.4 | Logan Site 253 143.3 | Boone

Site 54 1034.9 | Wyoming | Site 154 140.5 | Logan Site 254 123.3 | Fayette
Site 55 159.6 | Mingo Site 155 103.8 | Fayette Site 255 301 | Wayne
Site 56 112.7 | Mingo Site 156 1048.4 | Mingo Site 256 385.8 | Greenbrier
Site 57 295.2 | Logan Site 157 499.9 | Logan Site 257 256 | Wayne
Site 58 101.2 | Raleigh Site 158 113.1 | Mingo Site 258 327 | Boone

Site 59 203.7 | Logan Site 159 152.8 | Raleigh Site 259 515.8 | Greenbrier
Site 60 332 | Mingo Site 160 152.8 | Boone Site 260 113.7 | Greenbrier
Site 61 118.2 | Wyoming | Site 161 185.9 | Boone Site 261 858.2 | Wayne
Site 62 303.5 | Wyoming | Site 162 138 | Mingo Site 262 654.2 | Fayette
Site 63 163 | Wyoming | Site 163 165.2 | Fayette Site 263 308.2 | Boone

Site 64 1837.8 | Mingo Site 164 1387.7 | Raleigh Site 264 816.9 | Kanawha
Site 65 1530.7 | Mingo Site 165 207.1 | Logan Site 265 169.3 | Boone

Site 66 336 | Wyoming | Site 166 172 | Mingo Site 266 270.3 | Fayette
Site 67 107.2 | Logan Site 167 114.7 | Fayette Site 267 104.2 | Greenbrier
Site 68 221.6 | Raleigh Site 168 233.2 | Fayette Site 268 104.8 | Greenbrier
Site 69 233.6 | Logan Site 169 3127.8 | Boone Site 269 126.4 | Greenbrier
Site 70 290.4 | Mingo Site 170 2970.1 | Logan Site 270 457.7 | Boone

Site 71 509.7 | Wyoming | Site 171 205.8 | Logan Site 271 259.7 | Greenbrier
Site 72 193 | Logan Site 172 131 | Fayette Site 272 1254.1 | Boone

Site 73 1391.2 | Logan Site 173 3604.3 | Logan Site 273 104.2 | Fayette
Site 74 341.9 | Wyoming | Site 174 120.6 | Boone Site 274 139.9 | Fayette
Site 75 115.4 | Mingo Site 175 145.7 | Raleigh Site 275 308.6 | Boone

Site 76 133 | Raleigh Site 176 103.3 | Boone Site 276 7536 | Boone

Site 77 289.5 | Logan Site 177 107.3 | Mingo Site 277 242.5 | Greenbrier






Site 78 569.8 | Wyoming | Site 178 1798.5 | Logan Site 278 466.7 | Boone
Site 79 113.3 | Logan Site 179 116.6 | Boone Site 279 2477.1 | Fayette
Site 80 263.7 | Logan Site 180 776.6 | Boone Site 280 159.5 | Boone
Site 81 322.2 | Logan Site 181 105.2 | Fayette Site 281 315.3 | Kanawha
Site 82 267 | Logan Site 182 179.7 | Raleigh Site 282 143.4 | Greenbrier
Site 83 220.9 | Greenbrier | Site 183 154.2 | Fayette Site 283 558.1 | Fayette
Site 84 1522.4 | Logan Site 184 444.8 | Mingo Site 284 460.9 | Fayette
Site 85 226 | Logan Site 185 481.1 | Fayette Site 285 4839.2 | Boone
Site 86 108.2 | Mingo Site 186 650 | Boone Site 286 100.4 | Greenbrier
Site 87 115.3 | Wyoming | Site 187 147.1 | Fayette Site 287 107.7 | Fayette
Site 88 216.7 | Mingo Site 188 111.8 | Fayette Site 288 114.9 | Fayette
Site 89 146.3 | Raleigh Site 189 3530.7 | Raleigh Site 289 170.7 | Greenbrier
Site 90 412.5 | Wyoming | Site 190 101 | Boone Site 290 243.5 | Kanawha
Site 91 105.7 | Mingo Site 191 753.1 | Raleigh Site 291 3137.8 | Lincoln
Site 92 268.4 | Mingo Site 192 102.9 | Fayette Site 292 302.3 | Greenbrier
Site 93 390.1 | Wyoming | Site 193 200.6 | Boone Site 293 529.2 | Fayette
Site 94 263.2 | Logan Site 194 307.9 | Raleigh Site 294 185 | Kanawha
Site 95 115.1 | Mingo Site 195 6309.6 | Boone Site 295 168.2 | Nicholas
Site 96 509 | Logan Site 196 1613.7 | Logan Site 296 578.3 | Greenbrier
Site 97 269.3 | Wyoming | Site 197 231.4 | Mingo Site 297 826.6 | Lincoln
Site 98 554.4 | Logan Site 198 312.9 | Raleigh Site 298 493.3 | Boone
Site 99 756.4 | Logan Site 199 165.8 | Boone Site 299 121.5 | Greenbrier
Site 100 501 | Logan Site 200 596.3 | Boone Site 300 5219.3 | Boone
Sites 301-600
Site ID Acres of | County Site ID Acres of | County Site ID Acres of | County
Site Site Site
Site 301 | 608.7 Greenbrier | Site 401 | 132.9 Nicholas Site 501 | 203.1 Barbour
Site 302 | 1067.9 | Kanawha Site 402 | 115.3 Webster | Site 502 | 104.9 Harrison
Site 303 | 2143 Boone Site 403 | 407.1 Nicholas Site 503 | 1078.4 | Harrison
Site 304 | 202.8 Greenbrier | Site 404 | 114.4 Kanawha | Site 504 | 150.2 Barbour
Site 305 | 123.9 Nicholas Site 405 | 130 Webster | Site 505 | 135.7 Harrison
Site 306 | 106.2 Boone Site 406 | 2994 Webster Site 506 | 123.3 Harrison
Site 307 | 175.6 Kanawha Site 407 | 390.1 Nicholas Site 507 | 133.3 Harrison
Site 308 | 128.5 Greenbrier | Site 408 | 695.2 Webster Site 508 | 118.9 Grant
Site 309 | 214.7 Boone Site 409 | 355.5 Webster Site 509 | 121.8 Taylor
Site 310 | 192.3 Fayette Site 410 | 125.2 Randolph | Site 510 | 105 Taylor
Site 311 | 198.7 Greenbrier | Site 411 | 189.4 Webster Site 511 | 185 Taylor
Site 312 | 156.7 Kanawha Site 412 | 167.3 Randolph | Site 512 | 438.7 Harrison
Site 313 | 685.6 Boone Site 413 | 191.9 Webster Site 513 | 315.2 Grant






Site 314 | 172.6 Greenbrier | Site 414 | 260.8 Randolph | Site 514 | 311.9 Harrison
Site 315 | 124.6 Boone Site 415 | 113.9 Webster Site 515 | 103.6 Harrison
Site 316 | 103.7 Boone Site 416 | 259.1 Randolph | Site 516 | 147.4 Harrison
Site 317 | 107.2 Boone Site 417 | 436.8 Braxton Site 517 | 186.7 Grant
Site 318 | 326 Wayne Site 418 | 433.9 Randolph | Site 518 | 254 Taylor
Site 319 | 872.5 Boone Site 419 | 494 Pendleton | Site 519 | 273.7 Taylor
Site 320 | 234.1 Kanawha Site 420 | 447.1 Upshur Site 520 | 105.7 Taylor
Site 321 | 405 Boone Site 421 | 382.6 Upshur Site 521 | 103.2 Harrison
Site 322 | 114.3 Pocahontas | Site 422 | 136.1 Upshur Site 522 | 164.9 Grant
Site 323 | 6650.7 | Boone Site 423 | 154.1 Randolph | Site 523 | 132.2 Grant
Site 324 | 600.1 Nicholas Site 424 | 287.5 Randolph | Site 524 | 200 Taylor
Site 325 | 271.5 Kanawha Site 425 | 257.1 Mason Site 525 | 1067.7 | Jefferson
Site 326 | 389.9 Boone Site 426 | 106.9 Lewis Site 526 | 184.6 Harrison
Site 327 | 2160.1 | Fayette Site 427 | 201 Mason Site 527 | 160.9 Jefferson
Site 328 | 481.7 Kanawha Site 428 | 122.9 Mason Site 528 | 704.2 Harrison
Site 329 | 287.2 Fayette Site 429 | 709.4 Mason Site 529 | 205.1 Harrison
Site 330 | 120.3 Kanawha Site 430 | 438.2 Mason Site 530 | 170.1 Harrison
Site 331 | 554.2 Boone Site 431 | 148 Lewis Site 531 | 1434 Preston
Site 332 | 421.3 Fayette Site 432 | 239.2 Upshur Site 532 | 183.7 Harrison
Site 333 | 112.8 Fayette Site 433 | 101.8 Lewis Site 533 | 277.2 Berkeley
Site 334 | 102.2 Boone Site 434 | 128.3 Lewis Site 534 | 330.1 Harrison
Site 335 | 184.1 Fayette Site 435 | 182.1 Lewis Site 535 | 165.2 Harrison
Site 336 | 170 Kanawha Site 436 | 117.5 Lewis Site 536 | 104 Marion
Site 337 | 182.4 Fayette Site 437 | 138 Upshur Site 537 | 110 Preston
Site 338 | 237.7 Boone Site 438 | 280.4 Upshur Site 538 | 165.8 Preston
Site 339 | 278.3 Kanawha Site 439 | 111.5 Upshur Site 539 | 540.3 Harrison
Site 340 | 428.6 Boone Site 440 | 124.1 Lewis Site 540 | 216.2 Preston
Site 341 | 152.2 Fayette Site 441 | 429.3 Lewis Site 541 | 215.7 Mineral
Site 342 | 100.3 Kanawha Site 442 | 121.5 Lewis Site 542 | 160.1 Marion
Site 343 | 202.9 Boone Site 443 | 325 Upshur Site 543 | 208 Preston
Site 344 | 136.6 Kanawha Site 444 | 176.1 Lewis Site 544 | 104 Marion
Site 345 | 1198.3 | Kanawha Site 445 | 285.5 Upshur Site 545 | 384.5 Berkeley
Site 346 | 872.8 Fayette Site 446 | 179 Grant Site 546 | 114.2 Mineral
Site 347 684 | Kanawha Site 447 276.7 | Barbour Site 547 159.6 | Preston
Site 348 115.4 | Kanawha Site 448 533.6 | Barbour Site 548 196.2 | Monongalia
Site 349 187.4 | Kanawha Site 449 105.6 | Grant Site 549 106.5 | Preston
Site 350 318.5 | Boone Site 450 298.2 | Barbour Site 550 295.6 | Monongalia
Site 351 121.5 | Kanawha Site 451 303.7 | Grant Site 551 117.4 | Marion
Site 352 175.9 | Nicholas Site 452 152.3 | Lewis Site 552 240.8 | Berkeley
Site 353 151.8 | Kanawha Site 453 290.2 | Grant Site 553 450.5 | Preston
Site 354 209.8 | Kanawha Site 454 1094.8 | Harrison Site 554 107.7 | Preston






Site 355 293.5 | Kanawha Site 455 382.1 | Tucker Site 555 126.8 | Preston
Site 356 181.6 | Kanawha Site 456 192.2 | Lewis Site 556 143.3 | Preston
Site 357 7123.5 | Kanawha Site 457 279.6 | Grant Site 557 106.2 | Preston
Site 358 457 | Nicholas Site 458 171.2 | Harrison Site 558 147.4 | Preston
Site 359 147.1 | Nicholas Site 459 1223.8 | Barbour Site 559 227 | Preston
Site 360 144.7 | Nicholas Site 460 109.1 | Harrison Site 560 239.9 | Marion
Site 361 489.9 | Kanawha Site 461 421.5 | Harrison Site 561 214.5 | Preston
Site 362 115.8 | Kanawha Site 462 125.6 | Tucker Site 562 244.4 | Preston
Site 363 364.7 | Kanawha Site 463 275 | Harrison Site 563 174.8 | Mineral
Site 364 118.5 | Nicholas Site 464 420.3 | Harrison Site 564 299.2 | Preston
Site 365 112.6 | Nicholas Site 465 417.4 | Grant Site 565 231.4 | Preston
Site 366 782.3 | Kanawha Site 466 185.1 | Barbour Site 566 128.4 | Monongalia
Site 367 234.2 | Nicholas Site 467 144.7 | Harrison Site 567 195.9 | Preston
Site 368 103.4 | Kanawha Site 468 949.4 | Barbour Site 568 212.3 | Preston
Site 369 340.6 | Nicholas Site 469 171.5 | Tucker Site 569 260.7 | Monongalia
Site 370 155.5 | Nicholas Site 470 200 | Grant Site 570 112.6 | Preston
Site 371 1174.3 | Nicholas Site 471 114 | Tucker Site 571 192 | Preston
Site 372 184.3 | Nicholas Site 472 966.1 | Harrison Site 572 155.4 | Preston
Site 373 165.3 | Nicholas Site 473 202.9 | Tucker Site 573 234.4 | Monongalia
Site 374 4483 | Nicholas Site 474 1053.2 | Barbour Site 574 118 | Monongalia
Site 375 137.8 | Kanawha Site 475 146.5 | Harrison Site 575 133.1 | Preston
Site 376 125.5 | Nicholas Site 476 302.2 | Tucker Site 576 481.6 | Monongalia
Site 377 170.4 | Nicholas Site 477 604 | Barbour Site 577 143 | Monongalia
Site 378 368 | Kanawha Site 478 181.3 | Grant Site 578 104.3 | Preston
Site 379 107.2 | Nicholas Site 479 143.3 | Barbour Site 579 102.3 | Monongalia
Site 380 108.9 | Kanawha Site 480 210.6 | Barbour Site 580 154.2 | Preston
Site 381 177.2 | Kanawha Site 481 1378.9 | Tucker Site 581 148.5 | Monongalia
Site 382 285 | Nicholas Site 482 188.2 | Harrison Site 582 180.8 | Preston
Site 383 158.9 | Nicholas Site 483 112.2 | Tucker Site 583 107.3 | Preston
Site 384 166.9 | Nicholas Site 484 607.5 | Grant Site 584 796.1 | Monongalia
Site 385 5384.8 | Nicholas Site 485 165.5 | Barbour Site 585 275.9 | Monongalia
Site 386 389.5 | Nicholas Site 486 299.4 | Harrison Site 586 101 | Preston
Site 387 650.7 | Nicholas Site 487 697.7 | Harrison | Site 587 119.4 | Monongalia
Site 388 1709.8 | Clay Site 488 118.9 | Barbour Site 588 429.4 | Monongalia
Site 389 439.4 | Nicholas Site 489 179.7 | Barbour Site 589 130.2 | Preston
Site 390 134 | Clay Site 490 110.9 | Harrison Site 590 1343.7 | Monongalia
Site 391 651.6 | Nicholas Site 491 145 | Harrison Site 591 239.3 | Monongalia
Site 392 508.2 | Nicholas Site 492 799.4 | Tucker Site 592 124 | Monongalia
Site 393 486.8 | Clay Site 493 197.2 | Grant Site 593 193.8 | Monongalia
Site 394 316.9 | Pocahontas | Site 494 149.6 | Tucker Site 594 1392.8 | Monongalia
Site 395 112.5 | Nicholas Site 495 117.6 | Harrison Site 595 139.2 | Monongalia






Site 396 123.1 | Nicholas Site 496 111.3 | Barbour Site 596 109.9 | Marshall
Site 397 332.4 | Nicholas Site 497 115.2 | Harrison Site 597 101 | Marshall
Site 398 707.4 | Nicholas Site 498 118.1 | Barbour Site 598 473 | Ohio
Site 399 316.8 | Webster Site 499 186 | Grant Site 599 234.5 | Ohio
Site 400 113.1 | Webster Site 500 225.1 | Harrison Site 600 137.8 | Brooke
Sites 601-612
Site ID Acres of | County
Site
Site 601 | 208.1 Brooke
Site 602 | 117.1 Brooke
Site 603 | 195.4 Brooke
Site 604 | 160.4 Brooke
Site 605 | 699 Brooke
Site 606 | 438.2 Brooke
Site 607 | 310.2 Brooke
Site 608 | 147.2 Brooke
Site 609 | 1074.9 | Brooke
Site 610 | 272 Brooke
Site 611 | 456.8 Brooke
Site 612 | 5961.9 | McDowell
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Purpose and Introduction

The purpose of the Prioritization Tool (hereinafter referred to as ‘the Tool’) is to facilitate and guide
information gathering to qualitatively and quantitatively classify and evaluate properties using
identified screening criteria to establish their potential as Sustainable Energy Parks. The Tool will
provide community members, local and state officials, energy and property developers, landowners,
mine operators, entrepreneurs, and all other stakeholders with site data to help with decision-
making for future energy development opportunities on potential candidate sites.

The Handbook was developed primarily to show the user how to gather and input data into each
section, or Tab. Additionally, the Handbook will provide some background information, descriptions
of the needed data, and other crucial and beneficial information to help users understand the Tool.

Goals and Objectives
The primary goal of the Tool will be to aid the user with development of the following objectives:
o The selection of potential properties for Sustainable Energy Parks consideration
o Creating a standard and consistent set of data among all candidate properties to help with
evaluating top sites
Determining threshold criteria and market values for each energy type
Displaying feasibility of each sustainable energy type per site
Evaluating potential profits from multiple sustainable energy types
Providing common ground between developers and communities through complete set of
gathered data that provides potential SEP properties
Enabling communities to attract interested energy developers

O O O O

o
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Background Information and Considerations

The Prioritization Tool was created as part of the Environmental Protection Agency Region lllI's
Sustainable Energy Parks on Mine-Scarred Lands In Appalachia project that was a result of a
Training, Research, and Technical Assistance Grant awarded to the West Virginia Water Research
Institute (WVWRI) at West Virginia University in 2008.

The following background information will be useful when entering data into the Tool and is provided
to help users with planning considerations that should be used to guide the data collection and
assembly.

The Tool was created in a Microsoft Excel® spreadsheet, which was chosen due to its widespread
availability and user-friendliness. Our goal with this choice was to include users with a range of
technical abilities.

It is highly recommended that users save the original version of the Tool and create a second copy
for editing in order to prevent errors within your original file.

Also, it is important to periodically evaluate and update the screening criteria and market values
prior completion of output results. Constantly changing market conditions and various state and
federal incentives and taxes must match the current economic climate.

Also, never rule out site-specific anomalies or ownership considerations that may be too difficult to
overcome for a site to become a viable candidate for sustainable energy.

Stakeholder Use

Community leaders can use the Tool to attract energy developers to their properties for
consideration as Sustainable Energy Parks. Energy developers can use the Tool's completed
information to quickly select the top sites for energy developers. Local and state officials can use
the Tool to bridge the gaps between community members and developers and to seek outside
federal, state, and local funding opportunities. Landowners and mine operators can use the Tool to
understand if their property has the potential to be used as a Sustainable Energy Park.

Other stakeholders may realize similar uses described above in this section. However, they may also
use the Tool for planning and forecasting future development.

Prioritization Tool Use and Guidance

The Tool has two data inputs tabs and three data outputs tabs, which are described in the following
sections. The ‘tab’ simply refers to what Microsoft Excel® refers to as a ‘Worksheet’. Located at the
bottom of the spreadsheet, the tabs look similar to hard copy file folder tabs (See Figure 1 below).

The data inputs tabs (see Figure 2 below) require users to import and update screening criteria,
market values, and site characteristics, which are linked to the outputs tabs (See Figure 3 below).
The data inputs tabs include:

e the Screening and Market Inputs tab

e the Site Characteristic Inputs tab

Once users successfully enter all required inputs on the ‘Screening and Market Inputs’ and ‘Site
Characteristic Inputs’ tabs, the Tool will automatically populate the outputs tabs (See Figure 3
below). The data outputs tabs include:
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e the Biofuel Outputs tab
e the Solar Outputs tab
o the Wind Outputs tab

Screening and Market Inputs Site Characteristic Inputs Biofuel Outputs Solar Outputs Wind Outputs SEP Results %1
Figure 1: Prioritization Tool data inputs and outputs tabs.

Screening and Market Inputs Site Characteristic Inputs
Figure 2: Prioritization Tool data inputs tabs.

Biofuel Qutputs Solar Outputs Wind Qutputs
Figure 3: Prioritization Tool data outputs tabs

The Biofuel, Solar, and Wind Outputs tabs will then provide results on whether particular properties
have the potential for that energy type, the quantity of energy production per site, and financial
outputs and values of each site (See Figures 1, 3, and 6-8).

Step-by-step guidance is provided below to help users input data into each tab within the Tool.

Screening Criteria

The screening criteria within the Tool are located on the Screening and Market Inputs tab
(See Figure 4 below). These screening criteria will provide the threshold values that will be
factored into selecting or deselecting certain properties. If a property doesn’t meet the
minimum threshold value for at least one of the screening criteria, a ‘no’ value will be
returned in the Biofuel Possible, Solar Possible, or Wind Possible columns within the Outputs
tabs (See Figures 6-8 below).

For example, let’s look at calculating the possibility of wind on a particular property based on
the prefilled Wind Resource Potential of 5.5 m/s at a height of 80 meters (See Figure 4
below). If all screening criteria exceed their threshold values, except the Wind Resource
Potential is below 5.5 m/s, the site will not be viable for wind. This means that the wind
speed at that site is not sufficient enough, and therefore will not be a viable site for wind
energy. However, exclusion from being viable for wind energy does not exclude that site from
having the potential to be viable for one or both of the other energy types, because the
screening criteria and threshold values differ between energy types. It may very well be
suitable for consideration of another energy type.

The screening criteria and threshold values that are currently loaded in the tool on the
Screening and Market Inputs tab were collected from these documents:
o ‘Screening Sites for Solar PV Potential’ by EPA/NREL
o ‘Screening Sites for Wind Energy Potential’ by EPA/NREL
o ‘Market Opportunities for Switchgrass’ prepared by Marshall University’s Center for
Business and Economic Research

On the Screening and Market Inputs Tab these values are considered screening criteria:
Wind
o Wind Resource Potential (m/s @ 80m)
o Minimum Available Land - Ridgetops (acres)
o Distance to Transmission Lines (Miles)
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o Distance to Nearest Road (Miles)

Solar
o Solar Resource Potential (kWh/m2/day)
o Minimum Available Land (Acres)
o Distance to Nearest Road (Miles)
o Distance to Graded Road (Miles)
o MW Generation Potential (Acres/MW)

Biofuels
o Minimum Available Land (Acres)
o Distance to Nearest Processing Facility (Miles)
o Distance to Nearest Road (Miles)

The market values include:

Wind
o Wind system cost ($/kW)

Solar
o MW Generation Potential (Acres/MW)
o PV System Cost ($/watt)

Biofuel
o Biofuel Yield (tons/acre)
o Biofuel Production Costs ($/acre)
o Biofuel Value ($/ton)

Screening and Market Inputs Tab

The Screening and Market Inputs Tab within the Prioritization Tool is provided for the user to
input and/or adjust the key screening criteria and update market values based on the
current economics for each of the three energy types (See Figure 4 below). In this section,
we will discuss how to determine whether the screening criteria or market values need
updated or not. You'll notice that in the Tool some values have already been prefilled. These

are based on known research or documents discussed below.
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Screening and Market Inputs

Wind Resource Potential® 5.5 m/s @ 80m
Minimum Available Land (Ridgetops)’ 2 Acres
Distance to Transmission Lines® 1 Mile(s)
Distance to Nearest Road’ 1 Mile(s)
Wind System Cost’ $ 3,000.00 |$/kilowatt

Solar Screening Criteria and Market Values

Solar Resource Potential® 3.5 kWh/m2/day
Minimum Available Land (Solar)’ 2 Acre(s)
Distance to Nearest Road® 0.5 Mile(s)
Distance to Graded Road® 1 Mile(s)

MW Generation Potential® 5 Acres/MW
PV System Cost’ 450 S/watt

Biofuels Screening Criteria and Market Values

Mininum Available Land (Biofuels)° 10 Acre (s)
Distance to Nearest Processing Facili’r\!6 150 Mile(s)
Distance to Nearest Road® 5 Mile(s)
Biofuel Yield® 4 tons/acre
Biofuel Production Costs® 171.42 |S/acre
Biofuel Value® S/ton

Figure 4: Screening and Market Inputs tab with pre-filled data

Wind Screening Criteria and Market Values Box

The prefilled Wind Resource Potential screening criteria value is calculated in meters
per second (m/s) averaged over an entire year at a specified height measured in
meters above ground level. For our purposes, we've adopted the 5.5 m/s at 80-
meters based on the EPA/NREL Screening Sites for Wind Energy Potential
document. So, for this criterion alone, anything above 5.5 m/s at 80 meters has
enough wind potential to be a viable site. However, all other wind screening criteria,
market values, and site characteristics still need to be evaluated to determine
viability (See Figure 4 above). See the Wind Resource Potential section on Page 14
within the Site Characteristic Inputs Tab section to learn how to estimate your wind
resource potential for particular sites.

Similar to the Wind Resource Potential discussed above, the prefilled Minimum
Available Land at 2 acres, the Distance to Transmission Lines value of 1 mile(s), and
the Distance to Nearest Road value of 1 mile within the Wind Screening Criteria and
Market Values box are values calculated by the EPA/NREL Screening Sites for Wind
Energy Potential document. These values are shown in Figure 4 above. However, all
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screening criteria values within this box should be verified by visiting this website for
the EPA/NREL document screening document:
www.epa.gov/oswercpa/docs/wind_decision tree.pdf. Page 4 of 18 references the
screening criteria values listed above. Please verify that these are still current.

The Wind System Cost market value of $3000/kW was determined in 2011 by
Marshall University’s Center for Business and Economic Research and was based on
information gathered from both federal and state resources.

Solar Screening Criteria and Market Values Box

The prefilled Solar Resource Potential screening criteria is calculated in
kWh/m2/day. Again, we’'ve adopted the 3.5 kWh/m2/day value based on the
EPA/NREL Screening Sites for Solar PV Potential document. Again, if we assume all
of the other screening criteria will be met, and we assume a value of 3.5 or above,
there is a sufficient amount of solar energy to be a viable site. Naturally, values of
3.5 or less would exclude sites from being viable for solar energy. Of course, all other
solar screening criteria, market values, and site characteristics will still need
evaluated for suitability (See Figure 4 above). See the Solar Resource Potential
section on Page 14 within the Site Characteristic Inputs Tab section to learn how to
estimate your solar resource potential for particular sites.

Similar to the Solar Resource Potential discussed above, the prefilled Minimum
Available Land at 2 acres, the Distance to Nearest Road value of 0.5 mile(s), and the
Distance to Graded Road value of 1 mile within the Solar Screening Criteria and
Market Values box are values calculated by the EPA/NREL Screening Sites for Solar
PV Potential document. These values are shown in Figure 4 above. Again, all
screening criteria values within this box should be verified by visiting this website for
the EPA/NREL document screening document:
http://www.epa.gov/oswercpa/docs/solar_decision tree.pdf . Page 4 of 18
references the solar screening criteria values listed above. Please verify that these
are still current.

The MW Generation Potential market value of 5 acres/MW was determined by the
EPA/NREL Screening Sites for Solar PV Potential document. Again, please verify that
this value is still current using the solar screening document provided by EPA/NREL.

The PV System Cost market value is the approximate cost of installing a photovoltaic
system on the selected parcel for solar energy collection. This value is determined by
taking the MW Potential calculated previously and multiplying it by a known
installation cost for a PV system and then by a multiplier to go from watts to
megawatts.

Biofuels Screening Criteria and Market Values Box

The prefilled Minimum Available Land (Biofuels) screening criteria is calculated in
acres. We've established the 10 acre value based on the ‘Market Opportunities for
Switchgrass’ study prepared by Marshall University’'s Center for Business and
Economic Research (CBER). Again, if all of the other screening criteria will be met,
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and we assume a value of 10 acres or above, there is a sufficient amount of
available land to be a viable site. Naturally, values of less than 10 acres would
exclude sites from being viable for biofuel energy. Of course, all other biofuel
screening criteria, market values, and site characteristics will still need evaluated for
suitability (See Figure 4 above).

Similar to the Minimum Available Land (Biofuels) discussed above, the prefilled
Distance to Nearest Processing Facility value at 150 miles, the Distance to Nearest
Road value of 5 mile(s), the Biofuel Yield value of 4 tons/acre, and the Biofuel Value
of within the Biofuels Screening Criteria and Market Values box are values
determined from the research provided in the CBER ‘Market Opportunities for
Switchgrass’ study. These values are shown in Figure 4 above. The screening
criteria values within this box should be verified, and updated if necessary, by
reviewing the CBER document.

The Biofuel Production Costs market value of $171.42 per acre and the Biofuel
Value market value of $45 per ton were determined by the CBER research. Again,
please verify that these values are still current using the current trends in
comparison to the CBER research. If help is needed, please contact the WVWRI or
CBER.

Site Characteristic Inputs Tab

The Site Characteristic Inputs tab is provided for the user to input and/or adjust the site
characteristic values on a site-by-site basis (See Figure 5 below). Users are able to input
values for one site or many sites at one time. In this section, we will discuss how to derive
and obtain the values to input. You'll notice that in this tab, the values are prefilled. This will
allow users to see actual site characteristic values obtained for actual sites. We removed the
county, latitude, and longitude values to keep original sites confidential.

Site Characteristic Inputs

Distance to

Available . . .
e . Nearest Available Distanceto | Distanceto | Solar Resource
Latitude |Longitiude| Land . . . )
Parcel ID [ County Site Acreage | . Processing | Land Solar** Transmission | Nearest Road Potential
{uUTM's) {uTM's) Biomass* . . . a
- Facility (acres) (mile) (mile) (kWh/m®/day)
Biofuel)

175 145.67 3.781 2.78] 0.22 43.13 2.78] 11.77 4.38 5.9
176 103.31 8.006 0.56 178 5.87 0.56 22.61 4.35 4.1
177 107.35 0.850 4.52 0.22 32.49 4.52 10.17 4.37 4.9
178 1798.55 18.236 0.65 0.44 355.05 0.65 20.40 4.36 4.3
175 116.60 1.112 0.56 0.00 7.77 0.56 22.50 4.35 4.6
180 776.64 217.946 0.23 11.34 286.40 0.23 17.21 4.36 2.1
181 105.17 0.000 0.68| 0.00 46.66 0.68| 3.64] 4.36 5.8

Figure 5: Site Characteristic Inputs tab

Biofuel Outputs Tab

As discussed above, if the biofuel inputs are correctly entered in the Screening and Market
Inputs and Site Characteristic Inputs tabs, the Biofuel Outputs tab will provide results on
whether particular properties have the potential for biofuel energy, the expected yield, and
financial outputs and values of each site (See Figures 4-6). Several columns from the Biofuel
Outputs tab are linked and will prefill from other tabs.

If entered correctly, these values will prefill on the Biofuel Outputs tab from the Site
Characteristic Inputs tab

Page 9






Parcel ID

Available Land (Biofuel)
Distance to Nearest Road
Distance to Nearest Processing Facility

Then the Biofuel Outputs tab will generate these values:
e Biofuel possible

e Yield
e Production costs ($/acre)
e Production costs ($/ton/acre)
e Total Value per Site
Biofuel Outputs
P 1D Available Land Distance to Distance to Nearest Biofuel vield Production Production Costs | Total Value per
arce ie
(Biofuel) Nearest Road Processing Facility Possible? Costs ($/acre) ($/ton/acre) site
1 0 10.71 0.00 No
2 193.483 10.66 0.00 No
3 0.222 14.28 0.85 No
4 40.253 12.90 0.93 No
5 53.152 15.11 1.07 No
6 43.589 9.67 1.10 No
7 196.819 14.78 1.90 No
8 8.006 14.95 0.60 No
9 98.965 2.30 3.07 Yes 395.86 | S 16,965 4,241
10 8.451 16.14 0.38 No
11 2.446 14.46 0.00 No

Figure 6: Biofuel Outputs tab showing viability, energy production, and financial outputs.

Solar Outputs Tab

The Solar Outputs tab will provide results on whether particular properties have the potential
for solar energy, the expected energy potential, and financial outputs and values of each site

(See Figure 7).
Market Inputs and Site Characteristic Inputs tabs (See Figures 4 and 5).

However, the solar inputs must be initially entered in the Screening and

Once that is

complete, the first five linked columns in the Solar Outputs tab and will prefill and produce
the output values.

On the Solar Outputs tab, these values will prefill from the initial inputs tabs:

Parcel ID

Available Land (Solar)
Distance to Transmission Lines
Distance to Nearest Road

Then the Biofuel Outputs tab will generate these values:
Solar Possible?

MW Potential

PV Installation Costs

Value Per Site

10
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Solar Outputs

Parcel ID Solar Resource Potential | Available Land Distance to Distance to Solar Possibile? MwW PV Installation Value
(kWh/m2/day) (Solar) transmission lines [ Nearest Road Potential Cost Per Site
471 6.25 4.22549 1.807902272 4.146269767 No
A472 4.68 34.9159 0 2.440270665 No
473 5.96 11.5645 0 2.610057199 No
474 4.60 48.0371 0 9.293415058 No
475 4.64 2.22394 0.021203112 0.021850567 Yes 0.44 5 200,154.60
476 6.60 18.0139 2.624254157 4.955871907 No
477 4.65 26.9097 0.673350165 4.692858982 No
478 4.25 2.89112 10.9551612 8.854837419 No

Figure 7: Solar Outputs tab showing viability, energy production, and financial outputs.

Wind Outputs Tab

The Wind Outputs tab will provide results on whether particular properties have the potential
for wind energy, the recommended number of turbines, the expected energy potential, and
financial outputs and values of each site (See Figure 8). However, the wind inputs must be
initially entered in the Screening and Market Inputs and Site Characteristic Inputs tabs (See
Figures 4 and 5). Once that is complete, the first five linked columns in the Wind Outputs tab

and will prefill and produce the output values.

On the Wind Outputs tab, these values will prefill from the initial inputs tabs:
e Parcel ID

Wind Resource Potential (m/s @ 80m)

Available Land (Wind)

Distance to Transmission Lines

Distance to Nearest Road

Then the Wind Outputs tab will generate these values:
e Wind Possible?
o # of Turbines (small, mid, large)
e MW Potential (small, mid, large)
e System Price (small, mid, large)

oarcet W‘:i::::’;“ Available Land | Distanceto | Distance to |  Wind mbi:::lsm #of turbines/site | # of turbines/site MW Potential| MW Potential| MW Potential| System Price | System Price | System Price
(Wind) | transmission lines | Nearest Roaa| Possibie?| (Mid) (large) (small) (Mid) (Large) (small} (mid) (large)
(m/s @ 80m) (small)
451 6.73133 55.28 5.690731908 12.83168662 No
452 463411 52.68 2.53373337 7.216335394 No
453 7.32521 36.91 6.220224831 1283168662 No
454 441584 387.40 0 3.516972965 No
435 6.14567 99.58 '] 0.841443264 Yes 77 15 9 B8 13 13 5 - s - s
456 4.66006 93.07 2.24480753 6.229822747 No
457 6.99881 2134 6.639188578 12.83168662 No
458 49193 103.48 2.345507607 1425708657 No

Figure 8: Wind Outputs tab showing viability, energy production, and financial outputs.

Testing with Candidate Properties

The WVWRI research team used 612 Candidate SEP sites within West Virginia to test the proper
functionality of the Tool. In the original Sustainable Energy Parks on Mine-Scarred Lands In
Appalachia project, the sites were selected from WV Department of Environmental Protection
(WVDEP) mine permits and WV Geological and Economic Survey (WVGES) surface mine disturbance
data based on site characteristics. These sites included sites that existed prior to and after the

Surface Mining Control and Reclamation Act of 1977. All of our test sites were 100 acres or |

Page
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Of our 612 sites, we determined that 109 sites had potential for biofuels development, 4 sites had
potential for solar development, and 1 site had the potential for wind development.

Limitations

The Prioritization Tool and Handbook should not be used independently or as a primary decision-
making tool. However, it should be used as guidance to select a site or list of sites that have the
potential to be used as Sustainable Energy Parks. Additional research including demographics,
unique property drivers, market analysis, local site knowledge, and any other important factors
should be completed prior to investment.

Glossary of Terms

Acre (ac) - unit of area used in the United States and elsewhere and is defined as 1/640 of a square
mile; for this project, it is used as the unit of area for each property and it’s available and/or usable
portion. 1 acre equals 43,560 square feet.

Acres per Turbine - the area in acres that a wind turbine’s towers, roads, and support structures
require for energy production. Sometimes referred to as a wind turbine’s “footprint’.

Biofuels - Four types of biofuels have been identified as most likely feasible for SEPs. These four
types are switchgrass, arundo, miscanthus, and hybrid poplar. The following costs are identified as
having an impact on biomass production: land costs, establishment cost, crop maintenance,
harvesting, and opportunity cost. Profit categories are identified as cellulose production and carbon
sequestration. These costs are generalized as cost/acre.

Kilowatt (kW) - unit of power equal to 1000 watts that measures the rate of energy converted or
transferred.

Kilowatt hours (kWh) - unit of energy equal to 1000 watt hours. This is the most common billing unit
for energy delivered to consumers by electric companies.

Latitude - measurement north or south from the equator. When used in conjunction with Longitude,
it will describe an exact point or coordinate on the earth’s surface.

Longitude - measurement east or west of the Prime Meridian. When used in conjunction with
Latitude, it will describe an exact point or coordinate on the earth’s surface.
Megawatt (MW) - unit of power equal to one million watts that measures the rate of energy

converted or transferred.

Megawatt Potential — For the purpose of this handbook, the potential either solar or wind energy
have to produce units of power equal to one million watts.

Meters per second (m/s) — For the purpose of this handbook, refers to the wind velocity at a

specified height above the earth’s surface and in line with the windmill's blades. Our values in this
handbook were obtained based on measurement averaged over an entire year.

Page
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Nameplate Rating - also known as ‘rated output’ is a value determined by wind turbine
manufacturers based on particular wind speed. Turbine’s that are manufactured with a higher
nameplate rating, will be placed in higher wind locations and vice versa.

Opportunity Cost - the cost of an alternative that could be gained by implementing another
technology. An example of an opportunity cost would be the gain or loss made by planting a biofuel
versus windmills, solar, or geothermal.

Parcel ID - Unique identification number assigned to a piece of land or lot.

Photovoltaic (PV) system - one or more solar panels that are used to convert solar energy into
electricity. Must be used in conjunction with power converters, racking systems, electric
interconnections, and other components for successful use.

Prioritization Tool (The Tool) - Spreadsheet created in Microsoft Excel® to facilitate and guide
information gathering to qualitatively and quantitatively classify and evaluate properties using
identified screening criteria to establish their potential as Sustainable Energy Parks.

Processing Facility - In the development of SEPs, processing and stockpiling areas are needed for
preparation and staging for each of the sources of energy. Costs for processing and stockpiling areas
will include but are not limited to capital, clearing and grubbing, building, road construction, pad
development, and utility placement/installation.

Production Costs - material and labor costs incurred by energy producers when establishing
alternative energy on a site.

Ridgetop Acreage - For the purpose of this handbook, acres of land associated with the crest of a
ridge and of higher elevation than immediately surrounding areas. In general, these ridges more
suitable for wind energy than lower surrounding elevations.

Solar - also known as ‘solar radiation’, energy that is derived from the sun.

Solar Resource Potential (kWh/m2/day) - often referred to as ‘solar insolation’, is the amount of solar
radiation present on the earth’s surface.

Sustainable Energy - energy that can be produced to meet present demands while maintaining the
ability of future generation to meet energy needs. For the purpose of this handbook, solar, wind, and
biofuels are all considered Sustainable Energies.

Sustainable Energy Parks (SEPs) - properties that have potential for Sustainable Energy
development based on sufficient site characteristics.

Tip Height (wind) (ft.) - total height of a wind turbine from ground surface to the blade in its highest
vertical position.

Turbine - For the purpose of this handbook, a turbine is a rotary mechanical device that extracts
energy from wind turbines and transfers it onto the electrical grid system.

Value per site - This is a value that is determined by evaluating all of the potential sustainable
energy technologies for estimating profit/loss
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Wind - Wind is the second of the energy sources identified as having a potential in developing a
SEP. The categories deemed important to wind energy production are the number of windmills per
acre, windmill capital, windmill maintenance, energy transmission, and opportunity costs. Profit costs
include the revenue generated from each of the respective windmill classes. These costs are
generalized as watts generated/wind class.

Wind Resource Potential (m/s) - refers to wind velocity calculated in meters per second (m/s)
averaged over an entire year at a specified height measured in meters above ground level.

Wind System Cost - This is the the cost for installing a wind system on a given parcel

Yield - For the purpose of this handbook, the value refers to the tons of biofuel that can be grown on
a property.

References

Environmental Protection Agency Region llI's Sustainable Energy Parks on Mine-Scarred Lands In
Appalachia

Screening Sites for Solar PV Potential by EPA/NREL

Screening Sites for Wind Energy Potential by EPA/NREL

Market Opportunities for Switchgrass prepared by Marshall University’s Center for Business and
Economic Research
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BROWNFIELDS

Sustainable Energy Parks

on Former Surface Mined Land in Appalachia

ASSISTANCE CENTER

Researchers at West Virginia University are assisting Appalachian communities
in West Virginia realize the potential for turning former surface mined lands into

sites where biofuels can be grown, wind turbines and solar panels installed
providing alternative energy sources, economic development and new jobs.

Project Description

West Virginia University received a Training, Research, and Technical Assistance Grant from the
USEPAto construct a framework for developing Sustainable Energy Park (SEP) opportunities

on former surface mined land in Appalachia. Citizens of Appalachia have historically borne the
human health and environmental cost of extracting the region’s natural resources without receiving
equitable return to repair the scars left from coal mining.

This project provides a catalyst to foster a companion “green” energy industry to coal in Appalachia.
The result will be an environmentally and economically sustainable reuse of brownfields. SEP’s
have the potential to generate local economic growth, decrease or offset greenhouse gases through
carbon sequestration, promote renewable energy technologies, and create a replicable model for
communities nationwide to apply to former surface mined land.

Former surface mined land could provide the Paul Ziemkiewicz, Ph.D., WV Water Research Institute
large acreages necessary to establish solar power Director, examines a test plot of switchgrass on a
generating arrays. former surface mine.
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Sustainable Energy Parks
on Former Surface Mined Land in Appalachia

Project Activities

An inventory of former surface mined land throughout

West Virginia is being created which, when blended with
assessment data and community engagement, will produce
a portfolio of lands that are positioned as viable biofuels and
other types of alternative energy production areas. Using
criteria to determine which of these lands are suitable for
SEP’s, a prioritization tool has been developed to classify
sites, perform site assessments, and engage and educate
communities on the potential for redeveloping mined lands
into SEPs.

One site will be selected for a feasibility study for reusing
mined lands. This will be accomplished through a

request for proposals to be released in the fall of 2011.

The community selected will receive a Comprehensive
Development Plan for a SEP, which in turn will be
showcased as a pilot SEP project. The pilot project
showcase and reports documenting the project can be used
as a framework for other communities in Appalachia that are
pursuing the redevelopment of former surface mined land.

Conceptual drawings and 3D maps have been created and
are available for use in community meetings and planning
workshops to educate communities about renewable energy
projects on former surface mined land.

\
i BT ~

B At least 5000 acres < 15° slope
~ Permitted and AML mines

Sites in southern West Virginia with high potential as Sustainable Energy Parks
based on physical characteristics.

Results or Benefits Expected

This project will have positive outcomes by benefitting
the environment and the human condition through the
development of a framework in which former surface
mined land may be used for SEPs. These benefits also
address several areas of the US EPA’s strategic plan as
well as strategic objectives for energy development of the
Appalachian Regional Commission which include:

+ identifying alternative energy sources such as biomass,
solar, wind, and geothermal power for implementation
on these abandoned mine lands.

providing new economic opportunities and jobs for

landowners and citizens adjacent to these mined lands.

a reduction in sediment and mine drainage due to the

substantial root system of switchgrass reducing the

cost of water treatment.

measurable carbon sequestration.

» reduced greenhouse gas emissions.

* brownfields sites redeveloped and revitalized.

» energy efficiency increased.

» tying the State economy to the regional/national
‘green’economy by reusing mine lands for green
energy production.

+ serving the population by creating jobs to develop and
sustain the SEP.

+ providing an economic base for other ancillary green
energy businesses and services.

+ increasing the market and availability of green energy.

+ reducing the use of greenfield sites for energy
production.

» providing the potential to change the economic
and environmentally degraded landscape of small
communities over a large region.

Project researcher, Rick Herd, examines an
established switchgrass plot at a former surface mine
site in southern West Virginia.

Alternative Energy

Reclaimed mine sites are ideal for alternative energy
production, such as solar, wind and biofuels, because they
are generally far enough away from population centers not
to be a nuisance and the land has already been disturbed
by mining activity, thus minimizing habitat destruction. In
addition, the sites are often linked by roads, railroads, and
electric transmission lines.

Biomass Energy

Biomass energy is generated from organic feedstocks.
Sources of feedstock include wood, food crops, grassy
and woody plants, residues from agriculture or forestry and
the organic component of municipal and industrial wastes.
These feedstocks can be used as a solid fuel, or converted
into liquid or gaseous forms, for the production of electric
power, heat, chemicals or fuels.

Why Switchgrass?

Switchgrass production on former surface mined land in
West Virginia is a good choice because of proximity to major
markets, abundant water supplies for ethanol processing,
abundant rainfall and a long, warm growing season, the
conditions where switchgrass grows best. Large contiguous
fields, which former surface mined land provide, with local
processors are attractive and efficient. Switchgrass offers
high yields and nutrient use efficiency. It is a perennial,
supports multiple harvest schedules every year, and can be
grown in virtually every state east of the Rocky Mountains
with no irrigation required. Switchgrass captures carbon
from the air and sequesters it into the soil as its deep root
systems grow. Switchgrass can be pelletized and burned
directly, or converted to ethanol. Switchgrass ethanol
returns 5.5 times more energy than is input into the process.
It is established using conventional planting techniques

and harvested with common farm equipment. Switchgrass
produces more biomass than other grasses, and enhances
wildlife habitat for species such as deer, turkey, small
mammals and songbirds.

Wind Energy

Wind energy is captured by wind turbines with propeller-like
blades mounted on a tower. The force of the wind causes
the rotor to spin and the turning shaft spins a turbine to
generate electricity. Wind technology is scalable; based on
site conditions, different turbine designs can be used to meet
different electricity needs. Utility scale projects use large
turbines at the megawatt (MW) or multi-MW scale on sites
with the greatest wind resource and acreage availability.

Electricity generated is typically exported to the grid.

Solar Energy

Solar power converts sunlight into electricity. Utility-scale
solar energy projects require access to large, open sites. The
size of many of the former surface mined land in Appalachia
would allow for large solar arrays to be developed at a single
property.





Forest Biomass

Biofuels

Processing Facility \‘

For More Information

West Virginia Water Research Institute staff are available to
meet with regional development authorities and communities
to further explain how SEPs can enhance economic potential
through local revenue and jobs. If you are interested in
learning more about how a Sustainable Energy Park can
increase revenue and jobs in your community, contact:

Patrick Kirby, Director
Northern West Virginia Brownfields Assistance Center
Building 150, 385 Evansdale Dr. NRCCE Building
PO Box 6064
Morgantown, WV 26506
(304) 293-2867 x 5459
Fax: (304) 293-7822
Patrick.Kirby@mail.wvu.edu

WWW.WVWri.com

The Northern WV Brownfields Assistance Center is a
program of the West Virginia Water Research Institute.
Founded in 1967 WVWRI is the premier water research

center in West Virginia serving as a statewide vehicle for
performing research related to water issues.
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Solar Panels

Switchgrass Plots

Project Personnel

Paul Ziemkiewicz, Ph.D., Director, WWWRI
Principal Investigator (304) 293-2867 x 5441,
Paul.Ziemkiewicz@mail.wvu.edu

Tamara Vandivort, Assistant Director, WWWRI

Project Management, Financial Administration and Reporting
(304) 293-2867 x 5448,

Tamara.Vandivort@mail.wvu.edu

Brady Gutta, Research Associate, WVWRI
Minelands and Switchgrass Production
(304) 293-2867 x 5445, Brady.Gutta@mail.wvu.edu

Patrick Kirby, Director, Northern WV Brownfields Assistance
Center, Community Outreach and Education
(304) 293-2867 x 5459, Patrick.Kirby@mail.wvu.edu

David W. Saville, Outreach Coordinator, WVWRI
Project Website & Outreach Materials
(304) 293-2867 x 5458, Dave.Saville@mail.wvu.edu

Melissa O’Neal, Environmental Technician, WVWRI
GIS and Spacial Analysis
(304) 293-2867 x 5439, Melissa.O’Neal@mail.wvu.edu

Christine Risch, Economist, Center for Business and
Economic Research at Marshall University,

Market and Economic Analyst

(304) 696-6251, Christine.Risch@marshall.edu
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Sustainable Energy Parks
on Mine Scarred Lands in Appalachia

A pilot program to develop a framework for the establishment of
Sustainable Energy Parks (SEPs) on mine-scarred lands in Appalachia.
SEPs will benefit the environment and mining communities by producing

. renewable energy, reducing greenhouse gas emissions, protecting and
'g,Waler restoring water quality and degraded lands, diversifying our energy

_

?;mnes_eal'ﬂll portfolio and enhancing of the region’s economic competitiveness.
zInstitute

Project Personnel
Paul Ziemkiewicz, Director, WVWRI, Principal Investigator
(304) 293-2867 x 5441, paul.ziemkiewicz@mail.wvu.edu

Tamara Vandivort, Assistant Director, WVWRI, Project
Management (304) 293-2867 x 5448
tamara.vandivort@mail.wvu.edu

Brady Gutta, Research Associate, WVWRI,
(304) 293-2867 x 5445, Brady.Gutta@mail.wvu.edu

Patrick Kirby, Director, Northern WV Brownfields Assis-
tance Center, (304) 293-2867 x 5459
Patrick.kirby@mail.wvu.edu

David Saville, Outreach Coordinator,
(304) 293-2867 x 5458, dave.saville@mail.wvu.edu

Funding: US EPA $600,000.00

Project Description:

Initially, the West Virginia Water Research
Institute will identify mine-scarred lands suit-
able for the growing of switchgrass as biomass
to produce alternative transportation fuels,
electricity and heat. Additional consideration
will be given to the potential of other forms

of alternative energy generation such as wind,
solar and geothermal. As a sustainable reuse of
brownfields, these SEPs will provide a catalyst
to foster a “green” energy companion to coal in

Mine Scarred lands could help provide the large Appalachia.
acreages necessary to establish Solar Power generating
Arrays






Switchgrass is a superior plant for bio-fuel

production for many reasons. It will grow in

many areas of the Un ates, offers high

yields, efficiently uses available soil nutrients,

is perennial,|and reqgires no irrigation. It cap- - P T S
tures carbon'fr d stores.it in the soil 2 : '
and is an icér./ Because it
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Ing erosi@l: and its high evapo-
transpiration rate further reduces runoff when
planted on former ing sites. It has a flexible
harvesting scheddle and can be grown and har-
vested using conventional farming equipment.
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Located within WVU’s National
Research Center for Coal and

nstitute has been in
existence since 1967 and serves as
a statewide vehicle for performing
research related to water issues. It is
the premier water research center in
West Virginia and, within selected
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PO Box 6064
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Sustainable Energy Parks in Appalachia
A Feasibility Plan

Request for Applications

APPLICATION GUIDANCE

A program of the

Northern West Virginia Brownfields Assistance Center

In cooperation with the
West Virginia Water Research Institute at West Virginia University

Funded by the

United States Environmental Protection Agency






General Instructions
e This document serves as guidance for submitting an application.
e Please read application materials prior to completing the application.

e Applications are due January 31, 2012. Late or incomplete applications will not be
considered. Completed applications may be sent through U.S. Postal Service,
commercial delivery service, or electronically.

HARD COPY SUBMISSIONS

Applications sent through the U.S. Postal Service or commercial delivery service must
be received by January 31, 2012. Mail one (1) complete application to:

Attn: Patrick Kirby

Sustainable Energy Parks

Northern WV Brownfields Assistance Center

385 Evansdale Drive, Suite 202 (for commercial delivery service)
PO Box 6064 (for U.S. Postal Service)

Morgantown, WV 26506-6064

Telephone: 304-293-6984 (for commercial delivery service)

ELECTRONIC SUBMISSIONS

Applications submitted via email must be submitted to:
sustainableenergyparks@mail.wvu.edu no later than 11:59 p.m. Eastern Time on
January 31, 2012. In the subject line, please include both applicant and site names.
(Example Subject Line: John Smith ABC Mine.)

Please accept all risks attendant to email submission, including server delays and
transmission difficulties.

e For program and/or application questions, please contact:

Patrick Kirby, Director

Northern WV Brownfields Assistance Center
304-293-6984

Patrick.Kirby@mail.wvu.edu

o FAXED APPLICATIONS WILL NOT BE ACCEPTED.
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A. Program Guide

Executive Summary

This solicitation seeks to identify former surface mine lands in Appalachia suitable for
redevelopment into Sustainable Energy Park sites that have the potential to put acres of
former _mine lands into reuse, generate economic growth, add jobs, promote and
contribute to the national sustainable and renewable energy resource base, decrease or
offset greenhouse gases through carbon sequestration, and reduce sediment and mine
drainage due to substantial root system of biofuels.

The Northern West Virginia Brownfields Assistance Center (NBAC) is soliciting applications
from eligible government entities on behalf of West Virginia communities within close proximity
to former surface mined lands to be considered to participate in the development of a
Sustainable Energy Park Feasibility Plan. One community will be selected with the project
activities occurring between February 10, 2012 and August 31, 2012. (See page 10 for a list of
eligible government entities who can apply to this announcement.)

For the purpose of this announcement, the concept of Sustainable Energy Parks (SEPSs)
constitutes a place with sufficient space, physical characteristics, infrastructure, and stakeholder
support to accommodate the production of renewable energy products. SEPs have the potential
to generate local economic growth, promote the development of renewable energy
technologies, and decrease or offset greenhouse gases through terrestrial carbon
sequestration. Former surface mine lands are of particular interest for SEPs due to their large
scale acreage, remaining infrastructure (roads, water lines, electricity, etc.), and potential for
post-mining land use.

The Sustainable Energy Park Feasibility Plan, or the “Plan,” will be part of a framework that can
be transferred to other communities throughout Appalachia facing the challenges posed by post
surface mine land redevelopment. The Plan will include a detailed site assessment,
development plan, business plan, and marketing plan; all of which are described in more detalil
on pages 7-8.

The Plan will serve as a model for future consideration of SEPs in the selected community and
elsewhere. The Plan and subsequent outreach Showcase event will provide an opportunity for
the selected community to position itself to take the next step towards implementing a SEP in
their community leading to economic growth, jobs, sustainable energy, and possibly tax credits.
At the state and regional levels, the abundance of large tracts of post surface mine lands and
their proximity to communities may provide numerous opportunities for economic incentives
throughout Appalachia.

Specifically, the selected applicant (community) will receive the following:

e Sustainable Energy Park Feasibility Plan for a site within their community.

e Spotlight on the potential of a SEP site in the community to attract the attention of
developers, investors, employers, and others.

¢ Potential for economic incentives and jobs.

e Technical assistance from experts in biofuels growth, harvesting, and processing; wind
energy; solar energy; geo-thermal energy; land use planning; business development; and
marketing.





¢ Detailed information on the selected former mine site.

¢ Increased awareness of alternative uses for former mine lands.

eIncreased interest from a network of business professionals (investors, bankers,
developers, land owners, manufacturers, regional development authorities, and others).

e Promotion of potential SEP through a Showcase outreach event. (Detailed information on
the Showcase event can be found on page 10.)

The successful applicant will not receive actual monies through applying to this solicitation.

Program Description

Background

The Northern West Virginia Brownfields Assistance Center (NBAC), a program of the West
Virginia Water Research Institute (WVWRI) at West Virginia University (WVU) received a
Training, Research, and Technical Assistance Grant from the U.S. Environmental Protection
Agency (USEPA) to construct a framework for developing Sustainable Energy Parks (SEPS) on
former surface mine land in Appalachia. Part of this framework includes the development of a
Sustainable Energy Park (SEP) Feasibility Plan for a former surface-mine site in West Virginia.

Former surface mine sites are by definition “brownfields.” The USEPA’s definition of a
brownfield is as follows:
“A brownfield is an abandoned or underutilized property whose redevelopment or reuse is
hindered by real or perceived presence of a hazardous substance, pollutant, or
contaminant. Brownfields include mine scarred land, and sites used for the production of
controlled substances.”

Former surface mine sites are ideal candidates for SEPs and associated alternative energy
production. SEPs within Appalachia will benefit the economies of the local communities by
restoring degraded lands, boosting the region’s economy through jobs and resource needs,
mitigating several environmental issues, and reusing underutilized mine lands. The alternative
energy sources to be considered for the SEPs include biofuels, solar, wind, and geothermal
power. Generally, sufficient distance exists between the potential SEP sites and population
centers providing a buffer to nearby communities. Habitat destruction is also minimized
because the vegetation has already been cleared from the former surface mine sites. In
addition, the sites are often linked by roads, railroads, and electric transmission lines. These
infrastructure links provide existing site access for local workforce commutes, initial and future
construction transportation and development, supply deliveries and immediate proximity to
communities to utilize the energy outputs.

Objective

The primary objective of the Sustainable Energy Park initiative is to develop a framework for
developing opportunities for SEPs on mined land in Appalachia that can be transferred to other
communities facing the challenges posed by post-mining land redevelopment. The SEP
initiative provides a catalyst to foster a companion “green” energy industry to coal in Appalachia.
The intended result is a sustainable economic driver of a former mine site. A successful SEP
will generate local economic growth, decrease or offset greenhouse gases through carbon
sequestration, promote renewable energy technologies, and create a regional model for
economic development in coalfield communities.





Site Inventory

An inventory of surface mine lands throughout West Virginia was created by a team of
researchers at WVU (the Team) which, when blended with energy assessment data and
economic considerations, produced a portfolio of lands that are positioned as viable production
areas for biofuels and other alternative energies. Using weighted criteria (including slope,
property size, land owner considerations, population, transportation and utility infrastructure
networks, etc.) to determine which of these lands are suitable for SEPs, a prioritization tool was
developed to classify sites and to determine which alternative energy or energies should be
included on each site for their potential to be successful SEPs. Community support for the
development of SEPs is one of the criteria for selecting sites for additional site investigation,
environmental assessment, and economic feasibility studies.

Explanation of Alternative Enerqgy Sources

Biomass

Biomass, which is just one type of biofuel, is generated from organic sources, which include
wood, woody plants, food crops, grassy plants, residues from agriculture and or forestry, and
organic components of municipal and industrial waste. Biomass can be burned as a solid fuel,
or converted into liquid or gaseous forms, for the production of electric power, heat, chemicals
or fuels.

Switchgrass

One type of biomass, switchgrass, is a sensible choice for production on former surface mine

lands in West Virginia for these reasons:

Proximity to major markets

Abundant water supplies for ethanol processing

Proper weather environment with abundant rainfall and a long, warm growing season

Large contiguous fields, which former mine lands provide, are more efficient and are

also attractive with local processors

Produces high yields and nutrient use efficiency

e It is perennial, supports multiple harvest schedules every year, and can be grown in
virtually every state east of the Rocky Mountains with no irrigation required

e It captures carbon from the air and sequesters it into the soil as its deep root systems
grow

e |t can be pelletized and burned directly, or converted to ethanol, which returns 5.5 times
more energy than is input into the process

e It is established using conventional planting techniques and harvested with common
farm equipment

e It produces more biomass than other grasses and enhances wildlife habitat for species
such as deer, turkey, small mammals, and songhirds

Wind

Wind energy is captured by wind turbines with propeller-like blades mounted on a tower. The
force of the wind causes the rotor to spin turning a shaft which powers a turbine to generate
electricity. Wind technology is scalable. Based on site elevations, acreages, wind direction, and
wind speed, turbine designs can be matched to meet desired electricity needs. Large-scale
utility projects use large turbines at the megawatt (MW) or multi-MW scale on sites with the
greatest wind resource and acreage availability. Electricity generated is typically exported to the
electric infrastructure grid.





Solar

Solar power converts sunlight into electricity. Large-scale utility solar energy projects require
access to large, open tracts of land. The size of many of the former surface mine lands in
Appalachia would allow for large solar arrays to be developed at a single property.

Geo-thermal

Geothermal energy is the use of the earth's heat to produce heat and electricity. Geothermal is
reliable, cost-effective, and generates power 24 hours a day 7 days a week. Technological
advances continue to expand the feasibility of using geo-thermal, increasing the potential for a
wider range of usage. Recent estimates have greatly increased the geothermal generation
potential in West Virginia.

Development of a Sustainable Energy Park Feasibility Plan

Technical Assistance

A Technical Assistance Team made up of researchers at WVU (the Team) will assist the
selected community and key stakeholders with decision-making to determine which combination
of biomass, solar, wind, and/or geothermal energy would be best suited for use on the identified
property. Former surface-mine land in West Virginia has significant reuse potential to
economically revitalize the surrounding communities by providing jobs, increasing revenues and
tax bases, providing local energy use or export, mitigating and improving environmental
concerns, removing the need to develop, clear, and grade new property, and providing the
catalyst to assess and cleanup these unused or underused properties. A Sustainable Energy
Park Feasibility Plan developed by the Team will allow the selected community to move forward
with implementation of a practical opportunity.

Detailed Site Assessment

A professional engineering firm selected in accordance with USEPA guidelines will perform a
site assessment of the selected site. The detailed site assessment will include a property
survey, access agreement, soil analysis, and a description of the regional biomass production
area(s) and associated transportation and utility infrastructure. Location, size, anticipated
biomass production rates, solar, wind, and geo-thermal energy capacity, cost of development,
potential revenue streams including returns and markets will also be included.

Development Plan

The development plan will illustrate the intended site design, site layout, and alternative energy
uses of the selected site. Specifically, information on the following factors may be addressed in
the plan: accessibility, parking, landscaping, buffers, architectural features, structure location,
adjacent land use impacts, and other elements related to the community health, safety, and
general welfare. A community review of the site development plan will allow local municipalities
to analyze the project with respect to potential impacts on local growth and the need for facilities
and services.

Business Plan

The business plan created for the site will provide a strategy for producing and processing
renewable energy. The plan will include the end product (i.e., pure biomass, pellets or enthanol)
that is anticipated from the processes along with a plan of the potential customer base and the
method of distribution to customers. Plans for marketing, financial management, operations, and
management of the SEP will also be addressed within the business plan. Above all, it is a
marketing document that helps to attract investors to a SEP at this site through the





management, strategy, and potential for significant return on investment in renewable energy on
former mine lands using a local Appalachian workforce. A formal statement of business goals,
justification of the attainability of the goals, and the plan for reaching those goals will be included
in this plan. The business plan will answer the following core questions:
i.  What service(s) or product(s) do(does) the business provide and what needs
does it fill?
ii. Who are the potential customers for the product and why will they purchase it
from this particular source?
iii.  How will potential customers be reached?
iv.  Where will financial resources for business start-up come from?
v.  Who will staff the workforce needed?
vi.  What financial values are expected from the SEP?

Plans for marketing, financial management, operations and management of the SEP will also be
addressed.

Marketing Plan

The marketing plan for the SEP will be used to strategically target the distribution of the
business plan to investors, land owners, renewable energy developers, and others in the public
and private sectors. The plan will include strategies for market penetration, growth, product
distribution, and communication.

Upon Selection

Description of Project Support

One community will be selected. The project activities will occur between February 10, 2012
and August 31, 2012. The project activities and reporting will be completed through support
provided by the Sustainable Energy Park Technical Assistance Team (including personnel with
the West Virginia Water Research Institute and Northern West Virginia Brownfields Assistance
Center and their contractors). All reporting will be completed by the Sustainable Energy Park
Technical Assistance Team. No funding will be disbursed to the selected applicant through this
solicitation.

What the Successful Applicant Receives
The selected community will receive the following:
¢ Sustainable Energy Park Feasibility Plan for a site within their community.
¢ Spotlight on the potential of a SEP site in the community that attracts the attention of
potential developers, investors, employers, and others.
¢ Potential for economic incentives and jobs.
e Technical assistance from experts in biofuels growth, harvesting, and processing; wind
energy; solar energy; land use planning; business development; and marketing.
¢ Detailed information on the selected former mine site.
¢ Increased awareness of alternative uses for former mine lands.
eIncreased interest from a network of business professionals (investors, bankers,
developers, land owners, manufacturers, regional development authorities, and others).





Showcase Pilot Sustainable Energy Park Project

The selected community and the Sustainable Energy Park Feasibility Plan will be highlighted
during a Sustainable Energy Park Showcase Event in September of 2012. The Showcase event
will bring together energy companies, energy investors, researchers, academics, economic
developers, government officials (local, state, and federal), Appalachian Regional Commission,
private foundations and community members to discuss the real opportunity of implementing the
development plans created for a Sustainable Energy Park. The framework for how the
Sustainable Energy Park model may be applied in other areas in Appalachia will also be
presented. Most significantly, the Showcase will allow the selected community to highlight the
many attributes of the community and region to a wide range of stakeholders for future
investment.

Selected Former Mine Site

Members of the Technical Assistance Team and contractors will need site access to view the
site and perform an environmental site assessment. It is anticipated this will require 2-4 visits
by 2-4 personnel. No physical alterations will be done to the site during the course of this
project. This project is a feasibility assessment only.





B. Administrative Guidelines

Applicant Eligibility
Eligible applicants include the following:
e Units of local government within the state of West Virginia
e Land clearance authority or other gquasi-governmental entity that operates under the
supervision and control of, or as an agent of, a unit of local West Virginia government
e West Virginia government entity created by the State Legislature
o Regional council or group of general purpose units of local West Virginia government
¢ Redevelopment agency that is chartered or otherwise sanctioned by the state of West
Virginia

Capacity for Implementation

Applicants must demonstrate their capacity to properly participate in the SEP Program.
Applicants should have successful experience in leadership, economic development,
community development and outreach, and/or capacity-building initiatives. Successful
applicants must also have the time and resources to commit to the project, including the ability
to gain site access, participate in community outreach and education events, and to complete
project activities by August 31, 2012.

Applicant Obligations
The selected applicant is expected to:
¢ Interact with SEP Technical Assistance Team on an on-going basis (telephone calls and
meetings in selected community locations) between February 10, 2012 and August 31,
2012.
e Assist the Team with stakeholder solicitation (identification of potential investors,
developers, land owners, etc.)
o Develop 1-2 page Stakeholder Outreach Activity Summary by August 31, 2012.
e Attend the SEP Project Showcase Event in September, 2012.

Deliverables

Stakeholder Outreach Activity Summary

Stakeholder input and involvement are significant components of this project. The selected
applicant must submit a Stakeholder Outreach Activity Summary (1-2 pages) that documents
efforts, events, and methods utilized during the project for soliciting input from project
stakeholders, community members, land owners, potential investors, etc. The Stakeholder
Outreach Activity Summary also should include steps for identifying, notifying and engaging
stakeholders of future project updates and initiatives. This Outreach Summary should be
completed by August 31, 2012 and shared with the Team prior to the Showcase event in
September, 2012.

Sustainable Energy Park Showcase Event

The grantee is required to send a minimum of one (1) representative to participate in the
Brownfields Showcase Event in September 2012. The selected applicant will set up a display
and present their project successes and Sustainable Energy Park Feasibility Plan for their
community. The selected applicant should make every effort to garner participation of primary






project stakeholders to attend this event. Stakeholders may include land owner(s), potential
investor(s), etc. Travel costs for up to four people to attend and participate in this event will be
paid to those attendees on a reimbursable basis from the Sustainable Energy Park grant. In
addition, at least one member of the Sustainable Energy Park Team will assist the selected
applicant and participating stakeholders with the display, attend the event, and help answer
guestions from event attendees. It is anticipated that a representative from the USEPA will
attend the event and evaluate the success of the project.

Timeline

November 10, 2011 Release of Request for Applications

Between Program training WebEx conference calls;
November 10, 2011 Team member meetings with Regional

and January 30, 2012 Development Authorities and communities.
January 31, 2012 Applications due

February 10, 2012 Decisions made, applicants notified

February 2012 Public meeting and project announcement in the

selected community

February 10, 2012 —

August 31, 2012 Project tasks implemented

July 31, 2012 Draft Sustainable Energy Park Feasibility Plan completed

August 1-31, 2012 USEPA and stakeholder reviews/comment period of the
draft Plan

August 31, 2012 Final Sustainable Energy Park Feasibility Plan completed

Stakeholder Outreach Activity Summary submitted by applicant

September 2012 Showcase Event

Evaluation Criteria

Threshold
e Applicant community is in a West Virginia “region” impacted by a former surface mine.
e Applicant meets eligibility requirements per administrative guidelines.
e Application is complete, timely, and follows application guidelines.
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Ranking
Criteria that will be considered when reviewing and evaluating applications include the following:

Community Description

Identification of the community as having areas impacted by surface mining

Description of proposed site for a Sustainable Energy Park (including proximity of
proposed site to existing infrastructure (e.g., electric power grid, rail, highways, water,
sewer)

Explanation of the community’s interest in a Sustainable Energy Park

Articulation of community’s vision for their involvement in the project

How proposed involvement connects with other community initiatives

Capacity for Project Implementation

Applicant’s ability to fulfill the project tasks

Identification of supporting stakeholders

How project momentum will be sustained after proposed activities are completed

How proposed activities increase the community’s capacity to redevelop brownfields
sites in the future

Applicant’s level of experiences in leadership, economic development, community
development and outreach, and/or capacity-building initiatives

Applicant’s resources, including the ability to gain site access, participate in community
outreach and education events, participate in and complete project activities by August
31, 2012

Site Characteristics

Aggregated acreage with a slope conducive for switchgrass production
Potential biofuels stockpiling/processing areas

Existing infrastructure (including electric power lines, rail, highways, and water)
Proximity to potential markets

Accessibility to proposed site to perform detailed site assessment

Potential for viable wind energy

Potential for viable solar energy

Potential for viable geo-thermal energy
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C. Application

Sustainable Energy Park Feasibility Plan

Application Due Date: January 31, 2012
LATE OR INCOMPLETE APPLICATIONS WILL NOT BE CONSIDERED

Instructions for Submission

Completed applications may be submitted on or before January 31, 2012 through
the U.S. Postal Service, commercial delivery service, or electronically.

HARD COPY SUBMISSIONS

Applications sent through the U.S. Postal Service or commercial delivery service must
be received by January 31, 2012. Mail one (1) complete application to:

Attn: Patrick Kirby

Sustainable Energy Parks

Northern WV Brownfields Assistance Center

385 Evansdale Drive, Suite 202 (for commercial delivery service)
PO Box 6064 (for U.S. Postal Service)

Morgantown, WV 26506-6064

Telephone: 304-293-6984 (for commercial delivery service)

ELECTRONIC SUBMISSIONS

Applications submitted via email must be submitted to:
sustainableenergyparks@mail.wvu.edu no later than 11:59 p.m. Eastern Time on
January 31, 2012. In the subject line, please include both applicant and site names.
(Example Subject Line: John Smith ABC Mine.)

Please accept all risks attendant to email submission, including server delays and
transmission difficulties.

FAXED APPLICATIONS WILL NOT BE ACCEPTED.
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Format

Please use the following format in preparing your application; provide your application package
in the order the sections are listed.

Please use standard 12 point font; 8-1/2” x 11” paper; and 1 inch margins. Do not bind
application or place in a folder. Staple it at the upper left corner only. One (1) original
application must be received by January 31, 2012 or submitted electronically no later than 11:59
p.m. EST January 31, 2012.

ALL PROJECTS MUST INCLUDE THE FOLLOWING COMPONENTS:

1. APPLICANT/PROJECT INFORMATION & SUMMARY
a. Formatted Application Cover Sheet (Form “A”)
b. Signature Page for Certifying Official (Form “B”)

2. PROJECT DESCRIPTION (4 pages maximum)
a. Description of the Community
i. Location and community name
ii. Current community situation
ii. List of project stakeholders identified by name, organization, and contact
information
iv. Level of stakeholder involvement and other support for Sustainable
Energy Park

b. Project Involvement
i. Significance of the site redevelopment to the community

c. Capacity for Project Implementation

i. Provide a description of applicant’s ability to gain site access and work
with landowners

ii. Provide a description of applicant’s ability to garner interest of potential
investors in biofuels, wind, solar, and geothermal (growers,
manufacturers, transporters, processors, etc.)

iii. Provide plan for outreach and community wide education

iv. ldentify how the community will be involved in the project

3. SIGNED LETTERS OF SUPPORT (Optional)
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FORM A
SUSTAINABLE ENERGY PARK FEASIBILITY PLAN APPLICATION

Section I: APPLICANT/PROJECT INFORMATION

A. General Information:

Applicant:

Check box that most closely matches applicant eligibility
{1 Local government "I General purpose regional council
[1 Quasi-government (1 Chartered redevelopment agency
[J State Legislative created (1 Other:

Certifying Official: Name: Title:

Contact Person: Name: Title:

Address:

City, State, Zip:

Telephone: Fax:

E-mail:

B. Site Information:

Name of former
Surface mine site:

Nearest Community: County:

Location (e.g., Lat/Long; address):

Estimated size (acres):

Name of most recent

Owners, if known:
(coal company, land

owners)
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Provide the following infrastructure information related to the proposed site:

Infrastructure
Component

Name/ldentifier (e.g.,
Route 50, C&X
Railroad)

Distance from site to
infrastructure
component

Other relevant
information (e.g., is
the rail active?)

Highway

Airport

Rail

Transmission line

Water

Sewer

Buildings/structures

Other

Current Site Use: (Check all boxes that apply.)

[1 Commercial
0 Industrial
[1 Public

C. Stakeholder Support

Please list stakeholder information related to the former mine site:

[ Agricultural
(1 Other:

Stakeholder Name Company Established
relationship
Y/N
Landowner
Mining Company
Investor (e.g.,
banker, developer)
Other
Other
Program Guidelines and Application Page 15






FORMB
SIGNATURE PAGE FOR CERTIFYING OFFICIALS

The selected applicant and community representative will be expected to (@) interact with
Sustainable Energy Park Technical Assistance Team Members on an on-going basis between
February 10, 2012 and August 31, 2012; (b) assist Team members with stakeholder solicitation; (c)
develop a 1-2 page Stakeholder Outreach Plan; and (d) attend a mandatory Sustainable Energy
Park Showcase Event (September 2012 — specific date to be determined).

| certify that all statements in this application and the attached documents are true and correct to the
best of my knowledge. Furthermore, | am authorized by my organization to apply for the Sustainable
Energy Park Showcase. | also agree to participate in the project and Sustainable Energy Park
Showcase components of the program.

Signature of Certifying Official/Applicant Date
Written Name of Certifying Official/Applicant Title
Signature of Community Representative Date
Written Name of Community Representative Title

Program Guidelines and Application Page 16






Appendix | - Visualization Presentation






Sustainable Energy Parks

GIS Modeling

Conceptual Visualizations
Site ldentification

Site Analysis

Energy Park Visualizations





Geographic Information Systems: State-Wide

Identifying Site Suitability for Alternative Energy Generation
Types of Alternative Energy: Wind/Biomass/Solar/Geothermal
o WV DEP Mine Permit Site Data Layer

o Total of 35 criteria derived from GIS layers

o Some criteria used with more than one resource type

Examples of Data: Slope, Slope Aspect, Distance to Utilities, Distance to
Railways, Distance to Highways, Distance to Population Centers, Surface Area,
Existing Infrastructure, Etc...





WV DEP Mine Permit Locations: points
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WYV DEP Mine Permit Locations: polygons
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Conceptual Suitable Site Identification: Local
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Conceptual Suitable Site Identification
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Site Specific Analysis Criteria
Slope

Slope Aspect

Soils

Utilities

Access

Structures

ETC...
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Energy Park Visualizations

Implementation Planning following Site Suitability Analysis
Wind: Turbines Selected Based on Local Suitability Model
Solar: Selected and Sited Based on Local Suitability

Biomass: Switchgrass (soils) and Pelletization Facilities
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Appendix J - Feedback Loop Exercise






FeedBack Loop Exercise

O






General Info—Bathrooms, Refreshments
Agenda—Any Questions

Index Card—Please write down your questions down on
the cards as we go through the process. We will get
answers to these questions as part of an FAQ sheet
completed for the next meeting.

Proposed Sustainable Energy Site Map: This will provide
prospective and a place to keep notes throughout the day.





1) Please Find the number on your name tag
2) This number corresponds with a topic table

3) You will meet a moderator at the table who will
briefly explain the topic and the maps

4) The moderator will then open the floor to your
comments/issues on the topic





5) In order to keep this moving each group will have a
limited amount of time at each topic.

6) You WILL have the opportunity to provide
additional thoughts and comments later today and in
the future

7) When the bell chimes/gavel hits please move
CLOCKWISE to the next topic table





The Feedback Loop° Review

OH o

- start at the table matching the ,.
number on your name tag |

- listen to topic summary

- Provide key issues, strengths
and weaknesses of the topic

N
N N
A Y
A Y
A Y
A Y
A Y
A Y

A Y

Y N
A 'y

\ 4

\\ ,’

v '

_____






The Feedback Loop:
Discussion Time

Stop on the 5" Move (6" table

from your start)
o Summarize the Comments for that °
table topic

Identify the Recurring Themes

o &= ¢






The Feedback Loop:
Presenation

Share with the group the key issues
identified for your table topic

° Provide strengths and weaknesses °

Generate a list of priorities /
suggestions for your table topic

o &= ¢






Prioritization

You have been given 2 Red Dots

. = Highest Priority

You have been given 2 Blue Dots

. = Lowest Priority





Prioritization

Place each Dot next to a key issue
which reflects:

@ - Highest Priority
. = Lowest Priority

Pick ANY Issue
From ANY Station





JUST THE BEGINNING

THANK for YOUR
PARTICIPATION






Appendix K - Community Meeting Presentation






Sustainable Energy Parks:
A New Land Use
for
Former Mine Land

A WVU West Virginia Water Research
Institute Project

funded through An US EPA Brownfields
Grant





Project Description

Overall Project Goal:

* This pilot project is developing a framework for
the establishment of Sustainable Energy Parks
(SEPs) on former mine sites in Appalachia.

A Sustainable Energy Park defined:

* a former mine site with sufficient space, physical
characteristics, infrastructure, and stakeholder
support to accommodate the production of
renewable energy products






Proposed Work in McDowell County

Goal:

To promote financial and community investment in
McDowell County through the Sustainable Energy Park
Model

Obijective:

Provide a Comprehensive Development Plan for a
Sustainable Energy Park on the Indian Ridge Site





Comprehensive Plan Components






Site Assessment

Environmental Review
. _ Technical Feasibility
Site Reconnaissance

Historical Review Transportation
Permit Review Infrastructure

Land ownership

Energy Infrastructure | giia se Restrictions

Renewable Energy

_ Other considerations
Requirements






Development Plan

Community Engagement

Stakeholder Input

Community Health Safety
and General Welfare

Education on the Project

Site Design

- Visualization of Input
-Adjacent Site Impacts

-Landscape Considerations

Proposed siting of
alternative energy uses

Structure location

Proposed Infrastructure
Location






Business and Marketing Plan

Financial Considerations

Installation Costs

Energy Costs

Review of Grants and
incentives

Business Plan

Financial Values
Expected

Management and
Operations
Possibilities

Potential Markets

Marketing Showcase

Creation of project
showcasing materials

Targeting Investors

Event on September
5t at Glade Springs






Anticipated Project Benefits to
McDowell EDA

Sustainable Energy Park Comprehensive Plan for development of
the site

Spotlight on the potential of a SEP site in the community to attract
the attention of developers, investors, employers, and others.

Technical assistance from experts in biofuels growth, harvesting,
and processing; wind energy; solar energy; geo-thermal energy;
land use planning; business development; and marketing.

Detailed information on the selected former mine site.

Promotion of the site and the area via the Showcase Event
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Introduction

Biomass is an underutilized energy resource throughout the U.S. and one that could contribute
toward meeting societal goals of ecological sustainability and increased energy independence.
Several years ago, federal employees and their contractors developed a plan to expand use of
biomass resources that came to be termed “The Billion Ton Vision.” The joint U.S. Department
of Energy and U.S. Department of Agriculture vision entails a shift in natural resource
production that creates an expanded market for biomass products. To accomplish this expansion
land use change is expected to result from conversion of cropland, idle cropland and pasture
cropland to production of perennial crops such as switchgrass or hybrid poplar (U.S. Department
of Energy and U.S. Department of Agriculture 2005). A less evaluated land use change is
conversion of former surface-mined lands to perennial crop production.

At the core of motivation to establish supply of biomass for use in production of heat, electricity
and transportation fuel is its short time availability compared to fossil fuels. Biomass is
renewable and sustainable as its growth is based on solar energy, while fossil fuels took millions
of years to appear. A transition to sustainable fuel supply will eventually be mandatory.

One way to expand demand for biomass is through policy. The Energy Information
Administration (EIA) has projected that under a 15 percent national renewable energy standard
wood and other forms of biomass will comprise the largest share of electricity generated by
renewable resources. Under such a scenario the EIA’s projection is that by 2030 biomass used
for energy production would be triple its 2007 levels. This conclusion is based on the quantity of
biomass resources available and includes biomass both from dedicated biomass plants and
existing coal plants co-firing with biomass fuel (Energy Information Administration 2007).

Switchgrass is a perennial energy crop that is a much less used type of biomass compared to
wood-based biomass. Switchgrass is often selected as the crop of choice for many reasons. Itis
hardy and can grow in adverse conditions. It requires relatively little nitrogen enrichment or
fertilizer, can be harvested more than once a year and only needs replanting once every ten years.
Switchgrass also has the secondary benefits of natural soil carbon sequestration, the ability to
absorb pollutants in the local watershed, and can provide the soil with a barrier to erosion and
nutrient depletion. Because of these features, its production is a closed-loop system, meaning that
any carbon emitted through burning it will be offset by what it absorbs via photosynthesis.

Overall benefits to a rural community of producing switchgrass are increased economic activity,
improved air quality through carbon sequestration, improved water quality through nutrient
absorption and land reclamation through soil build up. If reasonable yield can be established it is
also a good use of low cost marginal land. In West Virginia, former surface-mined land is
abundant and has limited alternative uses after mining is complete.
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Summary of Findings

There are three opportunities to use switchgrass in energy conversion systems: 1) co-firing with
coal in power plants, 2) as the feedstock for cellulosic ethanol production and 3) as a material for
stove pellets. None of these potential markets are presently commercial, although substantial
efforts have been made to establish co-firing in the region using various forms of biomass.
Environmental policy decisions made in the next several months will greatly influence the level
of opportunity in the co-firing market. Uncertainty regarding the potential future regulation is
presently suppressing utility interest in expanding use of biomass.

In terms of potential volume the best regional market opportunity is in co-firing with coal in
power plants. American Electric Power-Ohio is currently capable of utilizing up to ten percent
biomass in several coal-fired power plants. Through this research it has been made clear that in
spite of a large request for proposal issued by AEP in 2010 there are presently no stable markets
for switchgrass in the region. Some of the reasons for lack of market are due to the physical
properties of switchgrass and its uncompetitive production costs. The cost of getting switchgrass
to market is a large barrier to taking advantage of this potential market. Material handling is an
additional barrier to intensive use that has been only partially addressed by the industry.

Other regional utilities have taken a similar route. Ohio Edison/First Energy announced in
November 2010 that they were going to close their R.E. Burger coal-fired plant instead of
converting it to operate on biomass. The utility had planned to convert the facility to co-fire
using a blend of coal and mixed biomass, including energy crops, and to get up to 100 percent
biomass within a couple years. The announcement was made to close the plant by December 31,
2010 in order to comply with an original EPA order to either close, repower or retrofit. The firm
cited low power prices as the reason for deciding not to invest in retrofitting the plant to burn
biomass (PRNewswire 2010).

In the electricity market biomass must compete with wind power because renewable portfolio
standards do not contain a biomass mandate. Although wind and closed-loop biomass systems
are both eligible for the same production tax credit of $22/MWh, wind is a resource with
extremely low operating costs. While regional firms have demonstrated the ability to deliver a
switchgrass product to a power plant for a price a utility is willing to pay, the material properties
of the products have not been ideal and the long-term proposed prices have not been competitive.
Utilities must still seek the energy that can be procured at the lowest cost to their customers or
risk being unable to fully recover costs.

The markets for cellulosic ethanol and stove pellets are addressed in less detail here as they are
seen as being further from feasible. Although it is the best near-term option to produce
sustainable transportation fuel, the cellulosic ethanol market has not progressed beyond the pilot
stage and that pilot is not in the region. A market for grass stove pellets does not exist in the area,
and grass pellets are primarily being promoted in more agricultural areas of North America.
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Emerging Market Opportunities for Switchgrass
Biomass co-firing

Co-firing involves replacing coal with biomass in an existing power plant, blended with coal or
alone, usually with only minor changes to generating equipment. Compared to the coal it
replaces, biomass reduces sulphur dioxide (SO2), nitrogen oxides (NOx) and other air emissions
and there is little or no loss in efficiency from adding biomass (U.S. Department of Energy
2006). Assuming a large scale power plant uses a 5:1 to 6:1 ratio of coal to biomass fuel the CO2
saving will be over 100,000 tons/year and the SO2 savings will be greater than 1,700 tons/year
(Federal Energy Management Program 2004).

A primary benefit to using biomass for power generation is that it provides base load power. This
is a significant feature in the renewable arena, as wind and solar energy are both intermittent and
can only generate power when available. By contrast, biomass is stored and is fed into a power
plant as needed, just like coal.

The Chariton Valley Biomass Co-firing project is a switchgrass co-firing project at the Ottumwa
Generating plant in lowa. That project has been in the works following an initial feasibility study
in 1996 (Prairie Lands Biomass Project 2010). It is still not fully commercial but is moving in
that direction. That project was developed under the Biomass Power for Rural Development, a
joint USDA and DOE solicitation and by the Chariton Valley Resource Conservation and
Development, a rural development non-profit. Motivation for the project was to expand the
market for farmers in southern lowa and to induce new use for land in the Conservation Reserve
Program, the purpose of which is to reduce soil erosion through grass planting (Cooper, Braster
and Woolsey 1998).

Other biomass co-firing and straight switchgrass firing tests have been conducted in Vermont.
Tests comparing switchgrass to reed canary grass and mulch hay found that switchgrass had the
lowest ash content, NOx emission and particulate emissions of the three (Vermont Grass Energy
Partnership 2011). However, compared to wood, it was found that switchgrass has higher
emissions. While superior for actual emissions per unit, wood-derived fuels are usually open-
loop systems and thus do not have the benefit of net-zero lifecycle carbon emissions.

The regional market for biomass for co-firing in coal-fired power plants has been stalled in
recent months. There are several reasons but the most important is the inability of the fuel to
compete with wind. As a follow-up to a Request-For-Proposals (RFP) issued in February 2010,
American Electric Power has done co-firing tests with 100 percent switchgrass grass pellets and
pellets pre-blended with coal. Pre-blended pellets have emerged as the preferred fuel, but the cost
of the fuel to date has prevented AEP from considering long-term use at this time or entering into
a term deal with a biomass supplier as originally requested in the RFP (American Electric Power
2010). Table 1 summarizes AEP’s stated plant-level biomass capabilities.
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Table 1: AEP Biomass Supply Specifications by Plant (as of February 2010)

Plant Megawatt Maximum Maximum Maximum Acceptable
Capacity Chip Mesh Pellet Size Biomass Transportatio
Screen Size (Inches) Blend (%) n
Picway 100 MW 3 21n. 10% Truck
Muskingum 1425 MW 6 2in. 4% Truck, Rail
1,2,5
Muskingum | Included with 4 2in. 10% Truck, Rail
3,4 plants 1,2,5
Conesville 1300 MW 6 21n. 4% Truck, Rail
Gavin 2600 MW 6 21n. 4% Barge
Cardinal 600 MW 6 2in. 4% Barge, Truck,
Rail

(American Electric Power 2010).

Of these plants, the Gavin and Cardinal plants are probably the most cost-effective for receiving
biomass produced in West Virginia because of their location. Both plants are located on the Ohio
River and utilize barge delivery. Both plants also consume substantial quantities of coal
produced in West Virginia, so there are existing contracts in place that could be modified or
renewed to include biomass. In addition, both plants also consume some quantity of Wyoming
coal which has lower energy content and are thus accustomed to using fuels with varying energy
value. Table 2 provides a summary of 2010 coal consumption for these plants, including the
Muskingum plant as it uses West Virginia coal although it does not accept barge deliveries.

Table 2: Coal Consumption by AEP’s Cardinal, Gavin & Muskingum Plants in 2010, by
Source & Grade

Cardinal General Gavin Muskingum
COAL
SOURCE Tons mmbtu Tons Mmbtu Tons mmbtu
/Ton /Ton /Ton
Colombia 164,664 23.73

Kentucky 53,057 23.90 61,316 23.78
Ohio 2,175,651 24.30 2,011,665 24.34 989,431 21.08
Pennsylvania 63,006 26.23

West Virginia 1,255,403 23.83 4,146,377 24.63 1,837,891 24.68
Wyoming 216,550 17.66 1,577,424 17.51
Other 59,992 Na 40,023 na 28,403 na
TOTAL 3,925,317 7,836,805 2,918,731

(US EIA 2011).
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Forces Impacting the Co-Firing Market

Utilities make fuel purchase decisions based on their fleet of generating equipment and federal
regulations regarding emissions and use of renewables. Co-firing choices are affected by all three
of these factors. Renewable fuel mandates have spurred widespread use of wind energy, fueled
by the low cost of that resource. Compared to wind, biomass requires an extensive series of steps
to produce, transport and handle the fuel, making its use much more complex and more
expensive.

AEP has stated that they need to obtain biomass within the price range of $6.5 to $7/mmbtu to be
competitive with purchasing renewable energy credits in the market. The utility also stated that
long-term prices proposed to them have been in the range of $8 to $10/mmbtu for biomass.

Biomass Form and Handling

Co-firing with switchgrass pellets has been tested fairly extensively by AEP-Ohio in 2009 and
2010. The utility has tested wood chips of various varieties as well as switchgrass pellets and
powder in its plants. Regional power plants are not set up to handle bales of grass (American
Electric Power 2010), as the Chariton Valley co-firing project in lowa does, so biomass must be
received as pellets or powder. The Chariton Valley co-firing project switchgrass bales to dust at
the Ottumwa power plant after which it is blown into the furnace along with coal (Prairie Lands
Biomass Project 2010).

At the plant level, uncertainties exist with regard to the level of emissions that would result from
using various types of biomass and impacts on on-site air quality issues. In spite of observations
that many forms of biomass reduce NOx emissions relative to coal, AEP maintains concern
regarding the ultimate level of NOx emissions. Compared to other types of emissions the change
in NOx output is more uncertain as it is based on temperature and moisture, so it is harder to
predict what will actually be emitted (American Electric Power 2010).

In terms of material handling, plant on-site grinding equipment does not work as well with
biomass compared to coal as it grinds less uniformly. AEP also states that there were issues with
some forms of switchgrass as some pellets turned to dust easily, causing concern with potentially
violating on-site air permit conditions. Conversely, some pellets would not grind and jammed
plant equipment.

Biomass ground to 35-mesh powder has a btu value similar to pelleted biomass. Delivery in this
form would avoid the cost of pelletizing, but is not expected to be an ideal product. According to
AEP, biomass powder did perform better in the plant, but there were still issues with dust control
(American Electric Power 2010).
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There is also a storage issue with biomass that expands if it gets wet, as occurs with wood stove
pellets. Any special storage required on-site at a power plant would also add costs, decreasing
ability to compete with wind.

The following quote from a utility engineering blog illustrates the primary issues with co-firing
from a plant perspective. “In most of our applications it is more expensive to co-fire biomass.
An exception to this might be very low cost sander dust or sawdust mixed at the coal pile. With
direct injection of biomass, our system pays an efficiency penalty for introducing cold transport
air into the furnace” (Segrest et al 2003).

Due to handling issues, separate injection of the biomass material may be best as that would
allow the plant more control of the biomass burn rate. It would also allow more flexibility with
regard to the types of biomass used as long as it is of the right size. On the other hand, separate
injection has its own efficiency problems as noted above.

Torrefaction is a newer method of preparing biomass for co-firing that is receiving increased
attention. The University of Leeds describes the process as “pre-roasting” as the plant matter
heated to around 300 degrees centigrade prior to delivery. This process makes the biomass drier
with more energy value per ton, and thus much cheaper to transport and more efficient to grind
(E-Energy Market 2011). According to Leeds, torrefied biomass also has a longer shelf life
which makes it a more desirable substitute for coal.

AEP is investigating the potential to use torrefied biomass and is open to testing in this form. The
utility finds the product additionally attractive because it may be able to withstand getting wet,
something conventional pellets and unprocessed biomass can’t handle very well. Currently, the
cost of torrefaction is believed to be prohibitive and has been estimated at $120 per ton (Lowe,
President - Midwestern Biofuels 2011).

As shown in Table 2, West Virginia coal producers are already significant suppliers to two
biomass-capable plants in the AEP system. Leveraging an existing long-term power plant supply
contract would be an ideal way to develop biomass delivery for co-firing, no matter what form is
used. Inclusion of biomass could allow extension of an existing contract with a blended product
of the ground biomass and coal. It would also be advantageous to develop a set of biomass
suppliers with some redundancy to make up for any yield shortages. Suppliers could provide
multiple types of biomass including grass bales, wood residue and whole trees.

Cost of Production

Sustainable supply with a competitive long-term price is the key for potential biomass users,
something that is not available right now. Costs will probably decline as yield and supply
increase, but this is not yet a reality.
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Switchgrass production costs are the largest component of the cost of delivering switchgrass to a
power plant. Variation in estimated costs by state and region is typically found largely in land
rents, which represent the opportunity cost of using the land for other purposes. This cost can be
quite large if energy crops displace row crops (Jain et al, 2010). For former surface-mined land
which has no agricultural value rents will be significantly lower. If decent yield can be
established there will be minimal competing uses for many of these sites in West Virginia.

The West Virginia Governor’s Task Force on Co-Firing concluded that in order to be
economically viable, biomass must cost less than half as much as coal (State of West Virginia
2000). With calculated production costs between $40 and $50 per ton, the industry is far from
that cost, as minemouth coal prices peaked at around $37 per ton in 2009 (US EIA 2011). More
detail regarding production costs is examined in a separate section.

MACT

An important coincident issue impacting utility co-firing decisions is new EPA regulation
regarding use of Maximum Achievable Control Technology (MACT) when using biomass in
boilers. The MACT rule is derived from legislation created in the Clean Air Act of 1990. The
specific section of the Act in question is section 112(j) that asserts when there is no national
standard for air pollution that states must create case by case standards. The MACT rule was
established in 1994 and has been updated in 1999, 2001, 2002, 2003 and most recently last year.
The rule was designed by the EPA to enhance the health of areas near incineration facilities
(Environmental Protection Agency 2011).

The most recent MACT amendment sets stricter policy on the amount of mercury, hydrogen
chloride, particulate matter, carbon monoxide and dioxin that can be emitted from a boiler
facility. The rule would reduce these emissions by approximately 50 percent. The EPA estimates
the health benefits from the new rule would save between $18 and $44 billion in annual health
costs in the United States (Environmental Protection Agency 2011). Biomass has been able to
evade these standards previously because of its classification as a "multi-fuel” boiler which as a
technology emits a lower percentage of these harmful byproducts then traditional incinerators.
The new rule would bring some biomass boilers into the emission control requirements by
changing their classification from "multi-fuel to incinerators.

The Biomass Power Association had stated that it believes that if the biomass industry were
included in these new emission regulations, that the cost to the industry through refitting boilers
and updating technologies using MACT would be in excess of $7 billion and would have a dire
effect on the biomass industry as a whole (Gibson 2010). The EPA disagreed with the BPA and
estimates the cost of conversions using MACT to be closer to $3.6 billion rather than $7 billion
(Environmental Protection Agency 2011).
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The latest and final version of the EPA rule is titled the National Emission Standard for
Hazardous Air Pollutants (NESHAP) for Industrial, Commercial and Institutional Boilers and
Process Heaters and was published on March 21, 2011. Biomass is included as a fuel
subcategory that is subject to the rule. It is expected to have the most impact on coal and
biomass-fired boilers because natural-gas fired boilers must only conduct an annual tune-up to be
in compliance (Burns & McDonnell 2011). In addition, uncertainty still exists because the EPA
included a notice of reconsideration when the rule was published, meaning that the EPA will
seek public comment on some issues and may reconsider their application. In terms of
switchgrass use, the most important reconsideration applies to the establishment of standards for
biomass and oil-fired area source boilers based on generally available control technology
(Ballard Spahr, LLP 2011). Thus, biomass-fired boilers may not have to use maximum available
control technology and may instead be able to use generally available technology that would
substantially lower the cost of compliance.

The EPA is quoted as saying that .. the final rule does provide some good incentives for coal to
look at co-firing with biomass as part of a less-expensive compliance strategy.” In the final rule
coal and biomass boilers are combined into one solid fuel category, which will give biomass
boilers more flexibility to burn various types of biomass (Gibson, MACT Madness 2011). This is
expected to impact large biomass boilers favorably compared to the previously proposed version
of the rule, although the actual requirement has not been set.

Renewable Energy Credits

Renewable Energy Credits (RECs) are environmental commodities which represent the
generation of one megawatt-hour (MWh) of electricity through a renewable energy source
(Berkshire Photovoltaic Services 2010). Also known as Renewable Energy Certificates or green
tags, RECs generated by a renewable energy provider can be sold or traded either directly or
through the REC market. As 27 states and D.C. get closer to full implementation of Renewable
Portfolio Standards (RPS), which require a portion of electricity generated to come from
renewable sources, the production and acquisition of RECs will become more important. Four
other states have implemented an alternative energy portfolio standard (AEPS), of which some
have separate renewable mandates.

There are both voluntary and mandatory (compliance) REC markets. The voluntary REC market
takes place when RECs are purchased out of choice rather than regulation. The compliance REC
market is driven by state statute or regulation. Utilities can obtain RECs by owning a qualifying
renewable energy facility, by purchasing RECs as part of a power purchase agreement or by
purchasing RECs separately (unbundled), either directly from a renewable energy generator or in
the market (Pew Center on Global Climate Change 2011).
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The fact that electric utilities in RPS states can buy RECs to meet the RPS requirement is a
significant feature of compliance that greatly impacts a utility’s interest in co-firing. A benefit of
purchasing RECs is that they can be resold if desired, as long as the credits are sold separately.
RECs are environmental attributes and while attached to actual generation can be sold separate
from energy. This makes purchasing RECs potentially more advantageous for a utility than
generating its own renewable energy.

The price of RECs is area-specific and varies dependent on the availability of renewable
resources in market boundaries and the level of state standards needing to be met. In some states
REC prices may be close to the alternative compliance payment rate, but when a new generator
becomes available prices fall. Expectations that energy efficiency credits, also known as “white
tags,” will make up an increasing share of RPS compliance may depress future REC prices (SNL
Financial 2010).

Recent national REC prices ranged from $5 per MWh to $56 per MWh with an average REC
price of $19.88 per MWh (The Green Power Network 2010). The renewable resources used to
generate the RECs to calculate these prices included the following resources in whole or
combination: solar, wind, biogas, biomass, geothermal, hydro and landfill gas. Five prices made
reference to solely wind while another 12 were generated solely from new wind. One instance
each mentioned solar and new solar for generation source, while one REC generator used solely
new biogas. REC prices are dominated by wind.

A study released by the Energy Information Administration (EIA) reported that the market value
for RECs between 2020 and 2030 would be approximately $19 per MWh (in 2005 dollars),
stating that this would be the purchase price of RECs from the federal government (Energy
Information Administration 2007). In 2011 prices, $19 is equal to nearly $22. Thus, with an
energy value of 3.412 mmbtu per MWh, a $22/MWh REC equates to $6.45 per mmbtu. As AEP
says they do not want to pay more than $6.5/mmbtu, this value is clearly tied to REC prices.

Given that AEP-Ohio is presently compliant with the State of Ohio’s standard through at least
2015, it has little reason to invest in additional generating resources. Ohio’s alternative
compliance payment is $45/MWh ($13/mmbtu), so biomass co-firing is competitive with that
penalty, but it is not competitive with expectations regarding the market for RECs. In addition,
Ohio utilities have many options for acquiring credits as they are not restricted to credits created
or sold in the State of Ohio (Ohio Public Utilities Commission 2009). Ohio utilities are allowed
to trade credits with the Midwest Renewable Energy Tracking System (M-RETS) and the (PJM-
GATYS). Those two tracking systems include every state in the control territories of the PJIM
Interconnection and the Midwest Independent Transmission System Operator (MISO). Credit
transfers are also accepted from the Michigan Renewable Energy Certification System
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(MIRECS) into PIM-GATS. Essentially, Ohio utilities can obtain RECs from almost every state
between North Dakota and New Jersey as well as the province of Manitoba.

Cellulosic Ethanol

Since the early 2000s the market for ethanol-based transportation fuels has witnessed a steady
increase and is projected to continue that trend. In 2009 the estimated size of the corn-based
ethanol industry was 11 billion gallons per year and is projected to reach over 35 billion gallons
per year by 2020 (Urbanchuk 2010). Ethanol produced from switchgrass has so far only been
produced in small demonstration batches, although a pilot plant is about to begin operation. The
growth of corn-ethanol production is illustrated in Figure 1 below.

Figure 1: U.S. Total Production and Consumption of Fuel Ethanol (Million Gallons)
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The potential future of the biofuel industry has been closely evaluated by the U.S. Department of
Energy (DOE) and the United States Department of Agriculture (USDA). In their joint “Billion
Ton Vision” report the two agencies reported that in 2005 the biomass industry accounted for
three percent of the nation’s energy consumption and proposed that this figure should reach over
30 percent by 2030 (U.S. Department of Energy and U.S. Department of Agriculture 2005). In
terms of share of transportation, biofuel was expected to have a four percent share in 2010,
increasing to 10 percent in 2020 and 20 percent in 2030. The agencies claim that the contiguous
United States can support this vision and has access to well over 1.3 billion tons of biomass
material that does not fall under current government property or reside on high-value agricultural
land.
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The Energy Independence and Security Act of 2007 mandates production of 136 billion liters of
renewable fuels by 2022, of which 79 billion liters should be from non-corn biofuels and
cellulosic ethanol (U.S. Energy Information Administration 2007). As the current biofuels
industry is dominated by corn-based ethanol production, reaching this goal will require many
new facilities.

Nationwide there is little production of ethanol from switchgrass or from any intentional energy
crop. The closest production location is the 250,000 gallon USDOE-sponsored pilot-scale facility
in Vonore, TN that is soon to be in operation. This facility is supported by the Oak Ridge
National Laboratory (ORNL), which has been involved in regional testing concerning the costs
and yield of switchgrass plots. The pilot plant is in the process of converting its feedstock from
corn stover to switchgrass as soon as it stabilizes the enzymatic process (Downing, 2011).
Unfortunately, the distance to the Knoxville area will prevent any West Virginia producers from
supplying that facility as the plant has ample access to switchgrass within 50 miles of the site. As
part of the project the University of Tennessee and ORNL are providing area farmers with
subsidies and technical assistance to help meet switchgrass demand for the pilot plant. Nearly
7,000 acres of switchgrass are currently in production.

A cellulosic ethanol-capable facility in Madison, PA is presently using wood chips as its
feedstock. That facility uses a fuel-flexible gasification process and is capable of using
switchgrass. The plant is a research and testing facility run by Westinghouse Plasma
Corporation. It is not a dedicated ethanol producer. Both feedstock and product (electricity,
steam or ethanol) are used and produced according to customer request (Reese 2011).

A recent study of the potential for producing cellulosic ethanol in the Midwest concluded that the
greatest sensitivity that influences cost of production is the value of alternative production on
agricultures land (Jain et al 2010). In the Midwest that value is driven by the prices of corn and
soybeans, which represent the most common agricultural products in the area. The study
estimated break-even prices for switchgrass between $88 and $188 per ton of dry matter in the
eight-state region. Break-even prices for miscanthus were estimated at between $53 and $234 per
ton of dry matter. For both grasses the State of Missouri had the lowest potential costs.

The capital costs of a cellulosic ethanol production facility are also higher than for a corn-ethanol
refinery. Capital costs for a small-scale cellulosic ethanol plant with a capacity of 50 to 69
million gallons per year are estimated to be between $200 and $375 million (2005 dollars). This
compares unfavorably to corn-based ethanol capital costs of $67 million for a facility of similar
size (U.S. Energy Information Administration 2007).

Due to higher production costs cellulosic ethanol can’t compete directly with corn-based ethanol
to supply mandated ethanol consumption. The price of oil is thus the next important factor in
evaluating the ability of cellulosic ethanol to achieve market share. According to Purdue
University researchers, current technology produces cellulosic ethanol at a price of $120 per
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barrel (Service 2010). The price of refined petroleum would have to equal this cost of production
for cellulosic ethanol to be compete with conventional gasoline. Crude oil has traded between
$80 and $110 per barrel over the last few months, and average gasoline prices have ranged
between $2.90 and $4.00 per gallon. The cellulosic ethanol refining process may thus be closer
to being competitive but presently it must still be subsidized due to uncertainty surrounding
production costs and future petroleum price volatility. As pointed out in a recent editorial,
biomass is currently the only real source of sustainable liquid fuels, which will be necessary for
decades even if electric vehicles and hydrogen fuel cells gain significant market share (Lynd and
De Brito Cruz 2010).

Stove Pellets

Fuel pellets made from grasses are not marketed in the area. Due to West Virginia’s supply of
hardwoods and long-standing wood products industry there is an established market for wood
pellets. Nationwide demand for pellet stoves jumped in 2008 with some growth likely attributed
to a federal tax credit for such purchases and some due to high natural gas and petroleum prices.
Only select types of stoves are capable of burning grass pellets as effectively as wood although
some stoves are capable of burning multiple fuels. Figure 2 illustrates the volume of shipments
of cordwood and pellet stoves in the U.S. in recent years, omitting data for gas stoves which
show a decline similar to that of cordwood.

Figure 2: U.S. Hearth Appliance Shipments, 1998 to 2010
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The wood pellet industry is referenced here as it presently serves the residential and commercial
sectors with a system and fuel products that would be nearly identical to grass pellets in terms of
delivery and use. Major differences may exist in the maintenance that may be required of a grass
stove compared to a wood stove and in the feed rate of the pellets.

In spite of recent jumps in materials prices, regional wood pellet manufacturers are presently not
seeking alternative materials to use in production. As there is yet no significant or stable supply
of switchgrass or any other perennial grass this is not surprising. Industry analysis states that the
wood pellet industry faces growth constraints due to limited availability of wood waste such as
sawdust (US Department of Agriculture 2009) (Webb 2011). If demand for self-sufficiency in
home heating grows and the wood products industry is not able to keep up with that demand a
niche for grass stoves and pellets could emerge. But it will be an entirely new industry.

Multiple analyses and statements suggest that current users of wood pellets would not be able to
switch to using grass pellets in their existing stoves. The Biomass Energy Resource Center states
that “pure grass pellets should not be sold for use in residential pellet stove heating appliances
designed to burn wood because of the high ash content of grass pellets and their corrosive flue
gas.” The center states that grass pellets can be used with appropriate equipment such as those
using “adjustable feed rates, traveling grates to break up clinkers, appropriate air and emission
controls, and corrosion resistant materials such as stainless steel (Prairie Lands Biomass Project
2010).” Clinkers are incombustible residues that form in systems not specifically designed to
handle high ash fuels and can reduce performance.

Cornell University has done testing on grass-pellets in various stoves. Its website states that
“grass pellets most likely will not work in any stove that does not have a specific adaptation to
deal with some type of non-wood ash” (Cornell University 2010). Cornell has produced a report
on types of stoves that work best with grass pellets. Stoves tested include various corn and wood
pellet stoves and a gasifier.

Canada’s REAP (Resource Efficient Agricultural Production) program promotes use of grass
pellets with advanced pellet stoves designed to burn grass. REAP state that “in these systems,
grass pellets or briquettes are used much like wood pellets and can provide fuel conversion
efficiencies and particulate emissions in the same range as modern oil furnaces” (REAP-Canada
2011).

REAP sees grass pellets as having strong potential to displace heating oil in residential and
commercial settings with user-friendly devices. It also encourages production of perennial
energy crops as an efficient way to use low cost marginal farmland for solar energy collection.
REAP maintains a list of grass- compatible boiler manufacturers.

There are many different types of stove pellets made with different combinations and types of
wood. According to stove manufacturer Dell-Point, there are over 70 different companies in the
United States that manufacture pellets. The Pellet Fuels Institute is the industry's trade
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association and regulates the size and content of pellets, particularly ash. A pellet is considered
premium if it contains less than one percent ash content, and it is considered standard if it
contains less than three percent ash (Dell-Point Technologies n.d.). Grass pellets by contrast
generally contain four to five percent ash (Cornell University 2010).

The Vermont Grass Energy Partnership considers the potential to develop a market for
residential use of grass pellets a worthy of study (Vermont Grass Energy Partnership 2011). The
organization believes the potential displacement of on-farm use of propane and heating oil with
grass pellets to be “a logical opportunity” as many farms can produce their own perennial
grasses. This may also be an opportunity for West Virginia farmers, particularly broiler growers,
who rely on propane to heat their houses at a cost that is often one-third of total annual costs
(WVPGA 2011).

Wood pellet manufacturers in the West Virginia include:
Hamer Pellet Fuel (based out of Kenova, WV)

e Facility in Elkins, WV

e Facility in Mount Hope, WV

e Both plants manufacture a premium grade pellet made from hardwood sawdust
Lignetics

e Located in Glenville, WV.

Wood pellet retailers in West Virginia include:
e Lowes - Currently carry wood pellets and wood stoves
e Home Depot - No longer carries wood pellets or stoves, but carried the products in 2009
e Kenny Queen Hardware in Lavalette, WV - carries wood pellets and stoves
e Other miscellaneous hardware stores throughout the State.

There is currently no market for switchgrass pellets, although with proper equipment and stable
supply one could be created. The wood pellet market is the closest comparable market and
provides some good lessons. The experience of the wood pellet industry shows that consumers
will only depend on a stove as an alternative to fossil-based heating if the price and supply of
pellets are stable.

Costs of Production

The costs of growing and transporting switchgrass apply to any of the three potential markets.
The cost of delivering a ton of switchgrass is used here as a proxy for the price a producer would
have to receive to break even.
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Key Variables

Yield Per Acre — Switchgrass yield varies considerably by land type. Tennessee
switchgrass plots on agricultural land are seeing yield of 7.5 to 8.5 tons per acre
(Downing 2011). In Kentucky, yield on bottom land of 4 tons per acres has been
achieved but surface mines do not produce as well (Lowe 2010). Yields have been
observed as low as 2 tons per acre (Minix 2010).

Production Costs — Estimates for cost of production have been thoroughly studied by
Oak Ridge National Laboratory, although yield is a crucial component of final costs. A
primary variation in costs is from land rents, which are based on the opportunity cost of
using the land for another venture. In West Virginia, the opportunity costs may be quite
low as there are numerous former surface-mined lands available for development. Sites
that do not possess wind resources and that are relatively distant from urban areas will
have the lowest rents.

Delivery Costs — The maximum distance to transport baled grass to a pelletizing or
blending facility is recommended to be 50 miles. The grass must be transported by truck
and incurs both fixed and variable costs. Using the Oak Ridge cost estimates and
assuming 50 miles for one-way transport, transportation costs are 14 percent of total
delivered costs. The closer to the plants the lower the costs.

Pelletizing costs — The range of pelletizing costs depends largely on capital equipment.
Midwest BioFuels has been able to pellet grass for about $20 per ton (Lowe 2011). In
other areas it has been estimated at $40 to $60 per ton, including profits (Porter 2008).
Energy Value — Conventional pelletized grass pellets contain energy content of 14 to 16
mmbtu per ton (Jeff Lowe). Usable energy content is generally lower due to conversion
efficiency, often falling to 11 mmbtu per ton (Porter 2008). Torrefied pellets cost more
per ton but produce a product with 9,500 to 11,000 btu per pound (19 to 22 mmbtu per
ton). These values exceed that of Powder River Basin coal. The lack of moisture in the
torrefied pellet creates the high energy content. Prior to torrefaction, raw material is dried
to 10 percent moisture content or less to promote the process. After torrefaction moisture
content can be less than three percent (Mitchell and Elder 2010).

Oak Ridge National Laboratory (ORNL) manages a large switchgrass growing operation in
Tennessee, the volume of which will be used in a cellulosic ethanol pilot refinery. Given the
lab’s extensive history with switchgrass production their cost estimates are among the best
available. Using figures compiled and published by ORNL the cost of switchgrass production is
summarized in Table 3 below (Oak Ridge National Laboratory 2009). These figures do not
include the cost of establishment. It is assumed that establishment costs would be fully
subsidized.
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Table 3: Switchgrass Production, Storage & Transport Costs

Variable costs (Fertilizer) — Nitrogen, Phosphorus, Potassium and Lime = $81.10/acre
$78.74/acre. With interest on variables costs = $81.10/acre.

Harvest Costs - Harvest costs are the sum of the mowing and conditioning plus $65.32/acre
the combined operations of pickup and transport to the field edge. These costs
include the fixed costs of equipment: tractor, mower-conditioner, forage
harvester, windrow pickup head and high dump forage wagon. It incorporates
hourly rates for specific equipment plus acreage covered per hour.

Overhead - Overhead includes such items as: office expense; fuel, lube, and $13/acre
utilities (not previously included in the machinery cost estimates); maintenance
and repairs on buildings; machinery and equipment (not previously included in
the machinery cost estimates); and farm insurance (not previously included in the
machinery cost estimates). ORNL uses the average of that published by the
American Agricultural Economics Association (AAEA) for corn, soybeans and
alfalfa.

Land Rent — Using the state average for pastureland rather than for cropland. $12/acre
Rental rates on former surface-mined land in West Virginia could be lower than
this.

Total Production Costs: The study assumes a yield of 4.02 dry tons/acre, which | $42.86/ton
places the total in-field production costs at $42.86/dry ton. With a yield of two
tons/acre the cost doubles.

Storage costs are based outside storage on a prepared gravel surface with a $12.86/ton
reusable tarp for cover. These are assumed to apply to the entire tonnage
produced and include expected dry matter loss of about six percent.

Transportation costs depend on distance to a pelletizing facility, represented by | $88,889
hours of use for a single flatbed tractor trailer. Estimated costs incorporate truck per year
purchase cost, diesel fuel, labor and variable mileage costs and are based on a
range of miles traveled of between 45,000 ($80/hr) and 150,000 ($65/hr) per year.
$80/hr is used here. Trucks are assumed to load at 60,000 Ibs per trip.

Estimated Total Production and Transport Costs — For switchgrass production | $646,039
of 10,000 tons per year on a 2,500 acre plot.

Total Costs/Break Even Price per Ton — Given the assumptions above, this is
the delivered price a facility would have to receive to break even. This simulation $65/ton
assumes no profit in order to focus on actual incurred costs.

An agricultural and processing operation of this size would provide 20 to 25 jobs to the local
community.
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The Densified Product

Regional commercial densification facilities have been able compress switchgrass to about 45
Ibs/ft3, producing a pellet product with an energy value of about 7,500 btu per pound (Lowe
2010). This equates to a per ton energy content of 15 mmbtu, a value approaching that of Power
River Basin coal, which typically contains 17 to 19 mmbtu per ton. Midwest has been able to
deliver pelleted biomass to a coal loading facility for $75 to $80 per ton. However, given that
AEP is not willing to pay more than $90 per ton for the delivered product, this production price
does not allow much room for profits or for final transportation to the power plant.

Simply grinding the baled switchgrass into a 35-mesh powder accomplishes the same goal as
pelletizing as the resulting energy value per pound is the same as with pellets. While the
pelleting costs could then be avoided, the powdery material creates problems with dust and
handling as it may lose energy value if it gets wet, necessitating special covered transport and
storage post preparation. Pre-blending a 35-mesh product with coal may not solve these
problems, and coal can get wet without affecting volume.

Alternative production cost data provided by Biomass Energy Resource Center (BERC) gives a
profit-inclusive price of $114 to $154 per pelleted ton in the Midwest (Porter 2008). Because of
the Chariton Valley co-firing project, many reports are available about the costs of switchgrass
production in lowa. BERC’s estimates for production and pelletizing are:

e $50/ton baled (assume $100/rent & 5 tons/acre yield)

e Average FOB farm: $70-90/ton (assume $100-200/acre profit)
e Trucking costs: $4.68/ton (30 miles @ $3.75/loaded mile)

e Average FOB pellet mill: $74.68-$94.68/ton

e Costs to pellet: $40-$60/ton

e Total Costs: $114 - $154/ton pelleted.

If the profitable price for a ton of pelleted switchgrass is $114 to $154, with an energy content of
15 mmbtu per ton, that equals $7.60 to $10.30/mmbtu. This amount is about equal to the $8 to
$10/mmbtu AEP-Ohio has stated they have been offered for long-term supply of biomass and
which is unacceptably high for them (Weaver 2011). Given that AEP is a primary player in the
market for regional co-firing, their desired delivered price of $6.50 per mmbtu must be a target
price for any near or mid-term supply.

Compared to surface-mined lands in West Virginia, the mid-west has higher rents per acre as the
land is more valuable for agriculture and comes with a greater opportunity cost. This concept is
supported by several studies that evaluate energy crops. A recent study by the University of
Illinois states that while yield is a critical factor in the competitiveness of bioenergy feedstock
the yield of what they displace is also important (Jain et al 2010).
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In West Virginia, lower land rent may make up for lower switchgrass yield compared to higher-
yield production in lowa. Using the Oak Ridge production figures and average pastureland rent
of $12 per acre, yield of 3.4 tons per acre gives the same per ton production cost as 5 tons per
acre yield in lowa with rent of $100 per acre ($50 per ton).

When fuel preparation costs are added to the cost of production, storage and transport, the
profitability of this potential venture becomes severely restricted. The range of preparation
expenses include those for grinding, pelletizing and possibly blending with coal. For illustration,
costs of $10, $15 and $20 are used to show how tight this stage of production is when holding
field production and transport costs constant. Even these relatively low costs, compared to other
estimates, restrict profitability in current markets. Table 4 shows estimated break-even prices for
production of switchgrass fuel, assuming the production, storage and transport costs to be
binding, so the only variable is preparation costs using baled grass. The break-even price is
measured after final preparation but prior to final shipment to the plant. Final shipment costs are
estimated at $3.20 per ton and represent a barge rate of $2 per ton for loading and $0.015 per ton
for transport.

The shaded rows of Table 4 show combinations of yield and preparation costs that result in a fuel
product below AEP’s desired price of $6.50 per mmbtu. This table shows that if possible to keep
preparation costs to $15 per ton or less, the product can be delivered to a power plant at a price
that AEP is willing to pay, as long as yield is three tons per acre or more. If preparation costs are
$20 per ton then yield must be closer to four tons per acre (3.3 tons per acre equates to $6.50 per
mmbtu in this model). If yield is only two tons per acre even a very low preparation cost of $10
per ton, which would likely omit the pelleting step, is too expensive.

Table 4: Comparison of Potential Costs to Deliver Switchgrass for Co-Firing ($/mmbtu)

Yield: Pelletizing/ Break-Even At Power Plant
(tons per | Grinding /Blending | Prepared Price | $/mmbtu (prepared
acre) Costs ($/ton) ($/ton) $ + final transport)
4 $20 $85 $5.85
3 $20 $99 $6.80
2 $20 $127 $8.71
4 $15 $80 $5.52
3 $15 $94 $6.47
2 $15 $122 $8.38
4 $10 $75 $5.19
3 $10 $89 $6.14
2 $10 $117 $8.04

Meeting these costs is only one aspect of satisfying the utility’s requirements. The material
handling, emissions and fuel performance needs must also be satisfied. Midwestern Biofuels was
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able to produce pelleted switchgrass in a range of $75 to $80 per ton, which would not have
exceeded AEP’s per mmbtu price threshold for delivered fuel. However, the fuel handling issues
associated with use of the product at the plant were not conducive to continued use without
modification. In addition, accepting a long-term contractual price at this level may not have
resulted in the level of profitability required to maintain a facility like Midwestern.

The cost of torrefaction, a pelletizing process with additional production steps that include
application of heat, has been estimated at $80 to $112 per ton in 2005 (Bergman 2005). In 2011
dollars that is about $90 to $130. Thus, while torrified biomass pellets may meet a utility’s
handling and energy input requirements it is unlikely that this product would meet a utility’s
price target unless other costs were reduced or yield was above that presently achieved in
Tennessee and lowa.

Table 5 provides estimates of yield and preparation costs associated with a more expensive pellet
preparation process. This simulation assumes that harvested switchgrass will be stored at the
production facility and that those expenses are part of the $65 to $85 per ton costs. For these
costs to meet the $6.50/mmbtu price goal yield must be at least nine tons per acre and
preparation costs must be less than $75/ton. Yield in the range of 9 to 15 tons per acre has been
seen for miscanthus, which has been observed to have yields twice that of switchgrass (Jain et al
2010).

Table 5: Alternative Yield, Preparation Costs and Associated Delivered Costs ($/mmbtu)

Yield: Pelletizing/ Break-Even At Power Plant
(tons per | Grinding /Blending | Prepared Price | $/mmbtu (prepared
acre) Costs ($/ton) ($/ton) $ + final transport)
15 $85 $ 105 | $ 7.23
12 $85 $ 108 | $ 7.42
9 $85 $ 113 | $ 7.74
15 $75 $ 95 | $ 6.57
12 $75 $ 98 | $ 6.76
9 $75 $ 103 | $ 7.08
15 $65 $ 85| $ 5.90
12 $65 $ 8 | $ 6.09
9 $65 $ 93 | $ 6.41

REC prices are expected to remain the fall-back for obtaining RPS compliance for the next five
to ten years. Due to the plethora of available wind power and expected continuance of that
availability, REC prices are likely to be tied to wind prices and remain low for this time period.
As suggested in Table 5, if REC prices were to increase to around $8 per mmbtu the options for
biomass supply would become greatly expanded. With higher REC prices competing suppliers
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would have more room to deploy more expensive production processes, such as torrefaction, and
to make more profits.

Non-Market Amenities

Beyond the potential economic benefits of using mine-scarred lands to produce switchgrass for
the biomass industry there are additional benefits to growing switchgrass that may make it
worthwhile to pursue. This may be especially relevant to surface-mined lands with poor soil and
few productive options.

The areas that surround the fields will gain ecologically. High in importance among these gains
is soil conservation. With proper management soil can store and sequester carbon. A long-term
study of former surface-mined land in southeast Ohio found that reclamation of the land by
initially seeding to grass, followed by planting trees dramatically increased the carbon
concentration in the soil and stocks (Nyamadzawo 2008). This is significant because it shows
that grasses are capable of restoring organic carbon to soils that have been damaged by mining.
Higher carbon and nitrogen content was found in reclaimed mine soils compared to an un-mined
reference site, suggesting that active reclamation of disturbed lands using grasses can greatly
improve soil quality (Nyamadzawo 2008).

Perennial plants acts as a natural means of carbon sequestration and through the switchgrass’ s
extensive root system the nearby watershed that may have been polluted by years of mine runoff
may be absorbed out of the water table. The rate of CO2 absorption has been calculated from the
carbon content of switchgrass at 1540.5 grams CO2 per kilogram of switchgrass (Qin et al 2004).
Once the grass is burned the carbon is released into the air but is assumed to result in net-zero
emissions because of the closed-loop system that grass regrowth creates using photosynthetic
uptake of carbon at the same rate as combustion for power generation.

The amount of carbon that can be sequestered by a switchgrass stand is related to its volume and
maturity. “The sustainable amount of biomass that can be removed from the field is directly
related to the amount of carbon in the soil, the amount of macronutrients removed in the
biomass, and the mass left in the field to protect the soil from erosion” (CAST 2010). By one
estimate, the credit for soil carbon dioxide sequestration was 179.9 g/kg switchgrass, but it was
found that after growing switchgrass on the same fields for 15 years CO2 accumulation in the
soil would reach a saturation value (Qin et al 2004).

The level of greenhouse gas mitigation through switchgrass production is dynamic and
measuring it would require accounting for changes in production, rates of growth and harvest.
For example, net nitrous oxide emissions could be positive or negative depending on uptake by
switchgrass root systems and on nitrogen application required to fertilize the crop. Estimates of
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nitrogen application required for switchgrass production list Appalachia as having the lowest
minimum requirements (45.39 kg/ha) of ten regions evaluated, with maximum requirements
(90.79 kg/ha) closer to the average of the regions (Marshall and Sugg 2010). These figures may
or may not apply to mine-scarred land with disturbed soils.

The other benefit of using mine-scarred sites as a sustainable energy park is the benefit to the
local communities. These areas have existing infrastructure from the mining companies that once
provided jobs for the local people. Switchgrass fields would be a modest source of income for
the local populace where these mines were once located. A new source of revenue is badly
needed in areas that may have been damaged financially by the mining company’s absence.
Depending on yield, a 2,500-acre switchgrass or miscanthus production system would directly
employ 20 to 50 people.

Concern has been expressed over the potential for switchgrass production to have negative
competing effects if its production displaces production of food and feed crops (Marshall and
Sugg 2010). This would generally only occur if it was produced on non-marginal agricultural
land. West Virginia may be in an advantageous position for switchgrass production, particularly
on surface-mined land, as its relative lack of intensive agriculture will not create competition for
land use with conventional crop production.

Switchgrass stands may also be managed as wildlife habitat, but may require special procedures
that would preclude optimal production. Harvesting can still occur and can even contribute to
habitat maintenance. Harvesting must be timed appropriately to ensure that animals are only
minimally affected (University of Georgia n.d.).

Conclusions

Of the three identified market opportunities for switchgrass, none are presently established. With
ample yield, accompanied by a demonstrated stable production price and an appropriate price-
material combination, a niche could be created for switchgrass in any of these markets if external
factors were also present or absent. Price is not the only barrier to developing this market.
Supplying a customer-based material that satisfies a particular system’s input parameters is
equally important.

For co-firing, external factors are wind energy prices, effective tax credits and regulation of
emissions. When wind energy reaches a saturation level, possibly around 2020, the price of
RECs in the market could rise and cause biomass-based energy to be more competitive. To
support more expensive pellet preparation processes such as torrefaction, REC prices of around
$8 per mmbtu combined with high yields of at least nine tons per acre may be needed. Increasing
the tax credit for closed-loop biomass could also promote more competitive supply. And lastly,
the final EPA decision regarding what type of emissions control equipment must be used for
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biomass emissions must also be settled, although there are indications that maximum available
control technology will not be required.

For cellulosic ethanol the price of petroleum-based transportation fuels is still a primary
determinant. If crude oil prices remain at more than $100 per barrel for a couple years, lenders
may become willing to invest in refineries using alternative feedstock. For now, even with a
federal mandate and tax credits the large capital costs of building a refining facility dedicated to
energy crop refining is seen as too risky for the private sector to take on. A parallel regulatory
issue is that it is not mandatory to use additional ethanol in vehicles beyond what is already
supplied by corn. Vehicles exist that are capable of using 85 percent ethanol (E-85) but they are
not the automotive industry’s standard offers.

For stove pellets, a consumer trend for self-sufficiency in home heating driven by higher heating
oil, natural gas and electricity prices may create demand for grass pellets if the market for wood
pellets is saturated. Additional tax policy such as credits given against purchase of pellet stoves
could also create demand.

Use of biomass-based energy resources involves considerably more operating activity compared
to other renewable resources. Biomass resources must be developed and the ability to sustain
supply must be demonstrated. This is in many ways more challenging than using wind and solar
resources that are already available. However, biomass is the only type of renewable fuel that
can provide base load electricity and liquid transportation fuel. The growth of biomass can also
provide modest employment benefits to rural areas, an important quality for areas that severely
lack economic options.
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Appendix M - SEP Showcase Video

The Sustainable Energy Parks Showcase video is available on the CD included with this report.






Appendix N - Comprehensive Land Use Master Plan
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Executive Summary

The 6,000 acre McDowell County site exhibits scars from former mining operations with exposed
highwalls, valley fills and rocky compacted soils. The site’'s soils, vegetation and hydrology were
assessed to understand the ecological composition. Steep slopes, low soil fertility, highly engineered
hydrology, and sparse pioneer and hydric vegetation were observed. While most areas were dominated
by highly compacted soils and invasive species; historic native vegetation and functioning hydrologic
systems were present.

The site was further analyzed in order to identify opportunities and constraints associated with
landscape restoration and development. In addition to field observation and measurements, GIS
data was collected and analyzed. Data included topography, land cover, soils, road alignment, and
hydrology. Aerial LiDAR imagery and three-dimensional spatial modeling was used to communicate,
analyze, design and plan for the sustainable energy park.

Participatory planning engaged community groups, local officials and experts in sustainable energy.
These groups provided important contributions to the planning process. Researchers learned local
concerns, needs and opportunities for connection to the greater community. Economic, educational
and recreational opportunities were identified and incorporated into a comprehensive Master Plan
for the site. The plan included the spatial layout, hierarchy, and connectivity between residential,
commercial, recreational, industrial and sustainable energy land use areas.

Further analysis of green infrastructure opportunities and case study research was performed.
This provided a deeper understanding of design processes and successful implementation of
restoration and development methods on sites with a similar land use history. A design concept and
comprehensive green infrastructure network were used to further the design development. Proposed
restoration blended ecological succession with new ecologies that simulate natural systems while
incorporating sustainable energy and building. lllustrative renderings and a three-dimensional model
were constructed to communicate the site layout and design.

Plans for the site will provide a green energy industry alternative following coal-mining. Sustainable
development initiatives seek to restore, to the extent possible, ecosystem services adversely impacted
duringminingoperations. Throughcommunityengagementandenvironmentalassessment,aframework
for a sustainable energy park integrated low impact development and green infrastructure initiatives
that re-build ecological values and functions into the landscape. Recreation, housing, commerce and
transportation, will blend practices such as biomass, solar, and wind energy production. The site will
not only generate local economic growth through the development of renewable technologies, but will
restore ecosystem services which foster ecological and social benefits within the community.

Goal

The goal of this project is to create a framework for developing Sustainable Energy Park (SEP)
opportunities on mined lands in Appalachia that can be transferred to other communities facing
similar challenges posed by mine-scarred land redevelopment. Consideration has been given to the
potential of alternative energy generation such as wind, solar, geothermal and biomass production.
We have identified mine-scarred lands in Appalachia suitable for redevelopment into alternative energy
production sites that would generate local economic growth, decrease or offset greenhouse gases
through carbon sequestration, and promote the development of renewable energy technologies.





Introduction

The Southern Coalfields of West Virginia is a region undergoing extraordinary levels of change through
the practice of mountaintop removal mining (Todd 2008). At the core of the disturbance is northern
McDowell County in deep southern West Virginia, an economically and ecologically compromised area
long dependent on extractive industries and a venue of ongoing degradation. Mountaintop removal
involves the excavation of a coal seam from the top down, rather than traditional tunnel mining. The
overburden is then disposed of as valley fills, filling stream corridors and disrupting hydrologic functions
as well as decimating other natural systems. As ‘developable’ flat land, the remnant landscape is
perceived to provide economic development opportunities for local communities (Associated Press
2010). Expressway alignments, which will skip from mine site to mine site along ridge tops, are
constructed as a part of the reclamation process, as are acreages for future development of mixed
uses and interchange services. The site of this project is a reclaimed surface mine north of the town
of Welch WV and on the border between Wyoming and McDowell Counties including the Indian Ridge
Industrial Park (600 acres). The property is owned by the McDowell County Economic Development
Authority (MCEDA). This project proposes the positive reuse of the landscape through the installation
of alternative energy infrastructure: biomass, wind, and solar; and a phased plan for integration of
mixed-use development.

Invisualizing change within the sixthousand acre project area, researchers created a three-dimensional
model of the site using ground-based static and aerial LiDAR (Light Detection and Ranging). Pointools®
and Rhinoceros®software were used to construct the model and create a design environment (Berger
2008). The model provides a very recent (2012) portrait of the landscape and its components: bare-
earth topography; drainage systems installed as a part of the reclamation mitigation; groundcover,
shrub layer, sub-canopy and canopy vegetation; infrastructure, roads, and buildings. The lone resident
buildings on the site are components of a Federal Correctional Institution (FCI) McDowell. Designing
within the model allowed researchers to test a variety of planning scenarios and create visualizations
(Sheppard and Lewis 2006) that captured the phasing of the project, and expressed the aspirations of
the community. Visualization phases included: 1. Biomass, Solar, Wind and Recreation; 2. Expressway
Development and Interchange Zone; 3. Residential; 4. Commercial and Industrial; and 5. Stormwater
Infrastructure, Green Infrastructure and Bioremediation. Local participation ensured that the project
addressed local needs in becoming a model project for the region promoting sustainable development
approaches to heavily impacted landscapes.

Key planning concepts, beyond the previously mentioned mixed-use development, will represent a
new paradigm in sustainable development within an industrial mine-scarred brownfield context.
Innovations include applying: Leadership in Energy and Environmental Design for Neighborhood
Design (USGBC 2009); green energy economy and job training (USGBC 2009); ecological design and
low impact development solutions (US EPA 2013); and the brownfield redevelopment topics: brownfield
reclamation; phytoremediation; and soil, water, vegetation reconstruction (Berger 2008, Schneider
2008, Del Tredici 2008).
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Environmental Assessment

General Overview

The McDowell County, West Virginia site can be described as a site exhibiting scars from former surface
mining operations. Highwalls remain in place and surround the site, exposing layers of geological
development. The forest perched on the highwalls is a mixture of mature hardwood species with
a thin soil profile. The mine scarred land contained within the highwalls is generally comprised of
highly compacted soil, with several rocky, gravely berms and minimal topographic change beyond the
valley fill areas. A utility corridor along the future highway right-of-way bisects the site, creating a ridge
separating site hydrology. The vegetation can generally be described as successional,comprised mainly
of grasses and forbs with pioneer tree species that are both native and invasive. Pioneer species are
the first species to colonize a disturbed site.

They are fast growing and shade intolerent.

Grasses along with forbs, which are broad-

leaved herbaceous plants, are examples of

non-woody pioneer species. Grading directs

stormwater through a series of swales along

the highwall edges and surrounding valley fill

areas. Several small isolated wetland pockets

have formed in flatter areas throughout the site.

There are several valley fill areas as evidenced

by patches of mature forest and grassy terraces

with stone stormwater channels directing water

to the remaining valley reaches. The valley fill

slopes are extremely steep making them difficult

to access and susceptible to erosion. A series

of ponds line the bottom of the valley fill. These

areas have limited water movement, acting

similar to a detention system. The hydrology

here is linked and discharges into the adjacent

residential valley. Due to the limited soil profile

development, excessive soil compaction, .

and sparse native vegetation, the site is void rocky soils,

of significant ecological value and feeds the

adjacent valley with an excess of sediment.

Soils

The majority of soils on the site can be characterized as compact rocky, gravely oxidized grey to black
silt loam mix. Based on the soil and vegetation quality, there is no evidence that topsoil was salvaged
and spread following mining operations. This, in conjunction with excessive soil compaction, has
significantly inhibited healthy soil development. Typically, it can be expected that a gravel/silt loam





soil mixwould allow forsome infiltration. However,
due to excessive soil compaction, it is anticipated
that there will be little permeability in many areas
of the site. Soil pH measurements ranged from
4.0 - 7.2. With all but one measurement being
below 7.0, the soils may be characterized as
acidic. The dominance of broomsedge bluestem
(Andropogon virginicus) is further evidence that
the soils are acidic with low fertility.

Flat topography in areas surrounding valley
fills result in the formation of several wetland
pockets. Runoff that is not managed through the
swale system settles in these depressions where
a hydric soil profile, high in organic content, has
developed. Even during the dry season these
soils remain saturated, with high clay content
and show very little evidence of oxidation.
There are some wetland areas receiving higher
afternoon sun that are drier in comparison with
shadier areas. Here, gleyed soil with oxidized

gravel soils

root channels indicate that these areas are dry during some periods of the year but have periods of
heavy precipitation. The swale systems exhibited similar soil profiles to the wetland pockets. While
many of the swales were dry, wetland plants were present in soils with organic content, indicating

hydric conditions during part of the season.

organic soils

Valley fill areas have retained some soil nutrients
to maintain original forest cover in areas that were
undisturbed. However, due to the steep topography
and an oak-dominated vegetation profile, it is likely
that the soil profile is shallow and less developed.
Steep slopes typically cause soil to erode more
easily, which is evidenced from the formation of
gullies and sedimentation in the pond areas below.
The terraced areas containing rock weirs are
similar to the gravely silt loam soils in the fill areas.
However, compaction is significantly less, which have
caused some areas to be less stable. Sinkholes and
settlement have occurred on several terraces that
contain less gravel content. Erosion is evident along
the edges of the stone weir channels. The most
heavily eroded channels are in the southerly valleyfill,
adjacent to the residential neighborhood. Significant
sedimentation in this area is evident. Valley fills are
often susceptible to erosion as fill material is less
compacted and stone weirs create point controlled
hydrology. These valley fills are further stressed, due
to their downstream location along the hydrologic
chain on the mine scarred land.





Failure of the rock highwalls is a concern. These
walls are formed from siltstone, shale, fine grained
sandstone, and coal. During restoration, typically
the site is graded to form gentle slopes that would
not leave an exposed rock face. Since these rock
highwalls are susceptible to erosion and sheer failure,
an appropriate angle of repose should be considered
during development. To ensure people’s safety, it
is recommended that no buildings are constructed
within a distance of twice the height of the rock
highwall.

Vegetation

Upland forested areas surrounding the site are
comprised of a mixture of hardwood species
dominated by Alleghenny-Cumberland dry oak forest
and hardwood species such as red, black and scarlet
oaks (Quercus rubra, Quercus velutina, and Quercus
coccinea). Also present are some Appalachian cove
forest species such as red maple (Acer rubrum) and
yellow poplar (Liriodendron tulipifera). The face of
the highwalls are generally void of soil and vegetative
cover, except in areas where water is penetrating
the rock face. Willows (Salix spp), an indicator of
hydrology, are growing along these water patterns.

Vegetation above the valley fill areas, contained within
the highwalls, can be described as successional
pioneer species comprised of mainly grasses and
forbs with some sparse native and invasive tree
and shrub species. Dominant non-woody and highly
aggressive vegetation such as birdfoot trefoil (Lotus
corniculatus), broomsedge bluestem (A. virginicus)
and crown vetch (Securigera varia) are an indication
of acidic, low fertile soils. These plants grow in dry,
shallow soil profiles and along rocky berms. Crown
vetch (S. varia) extends throughout valley fill areas
where trees are not present. While the invasive
nature of crown vetch (S. varia) leaves little space
for other aggressive and non-native plants such as
broomsedge bluestem (A. virginicus), chinese mint
(Elsholtzia stauntonii), and autumn-olive (Elaeagnus
umbellata). These plants have sparsely grown along
valley fill terraces. Chinese mint (E. stauntonii) has
aggressively spread beyond the valley fill areas.
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Native species such as staghorn sumac (Rhus
typhina) and highbush blackberry (Rubus
allegheniensis) are growing along berms where
a shallow soil profile is present. These species
further indicate the presence of acidic soil
conditions. While they suggest low soil fertility,
they provide food and nesting cover for a variety
of species. These shrubs exhibit an aggressive
growth pattern, creating an extensive root
network providing soil erosion control and bank
stabilization.

Pioneer tree species such as black locust
(Robinia pseudoacacia) and empress tree
(Paulownia tomentosa) are present along berms.
While black locust (R. pseudoacacia) species
are found throughout the site, the empress
tree (P. tomentosa) is mainly localized to the
northerly valley fill region and areas that were
disturbed during utility construction. Although
there are many efforts in the region to eradicate
the empress tree (P. tomentosa) because it is
considered an invasive species, this tree, along
with the black locust (R. pseudoacacia), provide
nitrogen benefits essential for soil development
and plant nutrition. The leaves of the empress
tree (P. tomentosa) provide nitrogen during
decomposition, and black locust trees (R.
pseudoacacia) have the ability to fix nitrogen from
the atmosphere in a form that is accessible for
plant uptake. Black locusts (R. pseudoacacia)
provide additional benefits through their symbiotic
relationship with mycorrhiza fungi. This fungus is
an important component of soil life and chemistry
as it facilitates nitrogen and phosphorous aiding
in plant uptake of soil minerals and nutrients. The
black locust (R. pseudoacacia) and introduction
of other legume species will be important for
rehabilitating soils throughout the mine scarred
lands.

black locust





There are several areas throughout the site where wetland vegetation is present. Drainage swales
surround the site highwall edge and interior valley fill regions. Sedge species (Carex spp.) and woolgrass
(Scirpus cyperinus) populate narrower swales, where gentle slopes facilitate water movement.
Drainage movement through the swale system is interrupted by flat areas where hydrology disperses
and infiltrates slowly. These areas, along with several small isolated wetland pockets are dominated
by narrow-leaved cattail (Typha latifolia) and hybrid cattail species (Typha x glauca). Although these

cattail species are highly aggressive and
considered invasive, they can perform an
important function on mine reclamation
sites. sites. They are often planted for
their ability to survive acid mine drainage
(AMD) conditions, remove heavy metals
from solution and provide biomass and
organic carbon that generate microbial
alkalinity. It will be important to manage
cattail aggression by considering native
wetland plants that can thrive in acidic
soil conditions and can compete and
coexist with cattails (Typha spp). Since
sedges (Carex spp.) and woolgrass (S.
cyperinus) are successfully established
within site hydrologic areas, these
species, along with several willow species
(Salix spp.), should be considered when
further developing site hydrology.

Asimilarspecies composition of red, black,
and scarlet oaks (Q. rubra, Q. velutina, and
Q. coccinea), red maples (A. rubrum), and
yellow poplars (L. tulipifera) in the upland
forest is established along undisturbed
valley fill slopes. This indicates that mine
scarred areas, though fragmented, are
a continuation of the surrounding forest.
These isolated patches should be linked
to create wildlife corridors for species
movement. As previously mentioned,
crown vetch (S. varia) is the dominant
plant along disturbed terraced valley fill
regions, with broomsedge (A.virginicus)
and autumn-olive  (E. umbellata)
beginning to colonize as well. The trifecta
of these species make the establishment
of native species difficult. However, as the
area succeeds to forested land cover, the
adjacency of many native hardwoods may
yield a healthier ecosystem.





Hydrology

Site hydrology is heavily engineered, consisting of valley fills with channelized stone stormwater
channels, swales formed by berm shaping and concrete pipe networks that manage drainage
associated with the Federal Correction Institute- McDowell development. Hard engineering solutions
using pipes and detention overflow structures are limited to the FCI-McDowell area. Hydrology can
be best described in two sections, the FCI-McDowell/southerly valley fill area and the northerly valley
fill area. Construction of an access road north of FCI-McDowell has created a ridge hydrologically
disconnecting these systems. The location of major stormwater features is shown in Figure 1.

FCI-McDowell and South Valley Fill

Stormwater along the site entrance to FCI-McDowell is managed through traditional roadside ditches
consisting of turf lawn and check dams that slow water and limit sediment movement. Parking and
other hardscape drainage is collected through a series of catch basins and concrete pipes. The swales

and pipe systems are directed to three detention basins (Figure 2) located on the northwesterly,
southwesterly and southerly sides of the site.

valley fill 4777 basin
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Figure 2: FCI-McDowell Stormwater Basins

While traditional swales and concrete pipes provide little ecological value, the stormwater basins are
filled with a variety of native and invasive grasses that provide some water quality and habitat benefits.
Unlike turf lawn swales and concrete pipes which move water quickly, the basins slow stormwater
movement allowing sediment to fall out of suspension, while vegetation assimilates contaminants
from the hardscaped area runoff. In addition

to sediment control and nutrient assimilation,

water temperature is also an indicator of water

quality. Cooler water temperatures contain a

greater amount of dissolved oxygen to support

fish and aquatic vegetation. Concrete pipes and

open water in basins and swales yield higher

water temperatures. While grasses and forbs in

the stormwater basins help mitigate these higher

temperatures, the addition of shrubs and trees

would create a canopy to shade and cool water.

Shrubs and trees will also help stabilize banks

and reduce sediment movement at a greater

capacity than the existing forbs and grasses.





nts

L

...........y

®%csecee

«

.o n‘

A
k.......

////////////////////////////////////////v
AN\

valley fill and pond

stormwater basin
valley fill

.
.
. .
. .
M P

Y
2

Sainjesd Jo1emwliols T ng14






The stormwater basins outlet into valley fill areas. The northerly basin discharges into the utility
corridor and the southerly basins discharge directly to a constructed valley fill. Both systems’ hydrology
are connected and flow to the adjacent residential valley. Stormwater from the site has resulted in an
excess of sediment in the valley. While the basins collect sediment from FCI-McDowell, they discharge
from a single outlet along steep,

sparsely vegetated slopes, accumulating

sediment along this path. Point source

discharge along steep slopes force the

water to channelize and move quickly

through the valleyfill, eroding the sides of

the stone weir channels. The northerly

basin further contributes to sediment

movement as it discharges to bare soil

along the unrestored utility corridor.

Reducing stormwater contained within

these ponds, vegetating the utility

corridor, and reconfiguring basin outlets

to evenly redistribute water to multiple

point sources that use a combination

of stone and vegetation stabilization

will help reduce sedimentation in the

residential valley.

A constructed swale system, formed
by berms, manages stormwater in
undeveloped areas of the site. Swales
run along the highwalls and surround
many of the valley fill areas. The highwall
swale system is generally narrow and
shallow in depth. There are areas where
the berm is less pronounced, allowing
water to disperse and become less
channelized. Here there is evidence of
standing water and cattail vegetation.
These areas yield some infiltration as
water movement is slowed; however, soil
compaction has slowed this process.
Enhancement of the swale and shallow
ponding areas should be considered in
restoration. This system of vegetative
water movement and settling is common
in low impact development practices.
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North Valley Fill

Similar swale systems surround the valley fill areas. While the southerly valley fills generally have
shallower swales similar to those along the highwalls, the northerly areas have very deep swales with
high, steeply sloped berms on each side. These swales are dominated by cattail species (Typha spp)
indicating hydrologic conditions.

However, these swales do not appear

to be hydrologically linked to the

greater site. The berms create a

barrier to stormwater movement. This

fragmentation has created deep, linearly

isolated wetland infiltration areas. Due

to the excessive soil compaction and

stormwater runoff isolation, these areas

act similar to bog ecosystems, with

rainfall being the only connection to

hydrology. Sphagnum moss (Sphagnum

spp), a common bog species, is present

in several areas along these swales.

Stone stormwater channels line the slopes of this valley fill. These channels also appear to be
disconnected from the swale systems due to berm construction. Rather than directing stormwater
runoff to these point systems, stormwater appears to sheet flow along the valley fill slopes. This is
evidenced by the formation of gullies that have eroded the non-forested slopes.

There are two ponds in the northerly valley fill area. The ponds are separated by a berm that allows

for a hydrologic connection when the water level rises high enough. It is possible that water infiltrates

the berm as well, moving from the northerly pond to the southerly pond. The access road to the site
thatextendswestofthe prison createsaridge,
disconnecting stormwater movement from
this area to valley fills further downstream.
Since the water is isolated with no outlet
and erosion is present on the nonforested
slopes, there is significant sedimentation in
this pond system. This is evidenced from
the lack of water clarity within the pond.

While many of the swale systems provide an
important stormwater service, the swales
surrounding this valley fill region provide
little functional value. They are unsightly
and create a significant safety hazard.
Regrading in this area to provide hydrology
capacity and ensure safety will be considered
during the design. Solutions must consider
the sedimentation problems in the valley fill
ponds and ensure that no further sediment
movement is directed here.
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Site Analysis

The site is best described in the Environmental Assessment Section and analyzed graphically in the
Site Inventory and Analysis. The following will provide a summary of the site and important elements
to consider during design. Key analysis feature areas are shown in Figure 3.

The landscape exposes scars from former mining operations. A constructed swale system lines rock
highwalls. Steep valley fill areas with retention ponds are present. The gravely, compacted soil has little
nutrient value and is unable to infiltrate stormwater in most areas. A poor soil profile and fragmented
native vegetation has led to a strong invasive species plant profile. Steep slopes and limited healthy
vegetation have made soil erosion a significant concern. Sediment has compromised water clarity
in valley fill areas, and the neighboring residential valley has significant sedimentation from the site.

An ecological approach to design and reclamation will shift traditional focus of form to an emphasis on
ecological function. The design shall respond to the existing environmental concerns while incorporating
elements to rehabilitate the landscape by recovering ecosystem functions and processes in the
degraded habitat. While returning the landscape to predisturbance conditions will not be possible,
establishing a geological and hydrological stable landscape can help make the land useful again.

Establishing vegetation to
facilitate the development of a
healthy soil profile while stabilzing
slopes to reduce sediment
transport are significant elements
in design. Fast colonizing species
and cover crops that have the
ability to fix nitrogen from the
atmosphere are important
considerations.  Planting many
smaller bare-root species that will
spread aggressively will be critical
for  establishing  vegetation.
Large planting massings that mix
trees, shrubs, and herbaceous
perennials will allow micro-
climate features rather than the
landscape designer to determine
the placement of plants.

In order to restore hydrologic function to the landscape, low-impact development techniques and green
infrastructure elements have been employed. These solutions use natural functions to provide flood
control, reduce solar heat gain, improve and stabilize the soil, and create wildlife habitat by improving
biodiversity. These systems may also infiltrate, evapotranspirate, or reuse stormwater runoff, while
improving water quality.

Because of the current environmental conditions on site, establishing low impact elements and green

infrastructure will be challenging. It will be important to respond to current hydrologic patterns and
combine them with successes in brownfield remediation where stormwater infiltration is not permitted.
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Previously, the environmental inventory was discussed as individual ecosystem elements: soil,
vegetation, and hydrology. The analysis will consider these elements together as a unified system,
integrating them with patterns of development (Figure 4). Because of their dynamic interaction, these
systems can only be examined as a whole. Therefore, the design must respond to the interactions
between nature and society co-existing in a mutually supportive habitat. Within the SEP rock highwalls
there are essentially three major systems: the valley and fill area consisting of the original forest cover
and erodible valley fill system, the swale/wetland profile, and the rocky/compacted core.

Original Forest Cover and Valley Fill System

The original oak (Quercus), maple (Acer) and hickory (Carya) forest is the healthiest and most
productive ecosystem on the site. Native vegetation builds healthy soils and stabilizes the steep valley
banks, while providing habitat for wildlife. It appears that there was little to no top soil salvaged during
restoration. Topsoil not only provides healthier, more productive soils, but it retains the historical
vegetation composition in the seed bank (seeds of plant materials that covered the site pre-mining).
This ultimately makes it easier to extend the original forest cover throughout the site.

Expanding the forest coverage creates a
mosaic pattern of vegetative patch and corridor
connections building a network that links
wildlife, creates greater vegetative diversity,
and provides a more stable forest community.
The original forest coverage should be extended
in areas where the soil profile allows and the
valley fill where there is little woody vegetation
and crown vetch (S. varia) dominates. While it
is anticipated that these species will be able
to grow throughout the valley fill, the slope
aspect should be considered for appropriate
propagation. Oak (Quercus) and hickory
(Carya) species are most appropriate along
southerly and southwesterly facing slopes
and in areas receiving warmer afternoon sun.
Maples (Acer) are most appropriate along
northerly and northeasterly facing slopes and
in areas receiving cooler morning sun. Typically
these trees are considered climax species,
which are slower growing, not aggressive, and
longer lived.

Because climax species take time to establish and erosion and soil health are immediate concerns,
pioneer species should also be introduced on the site. Pioneer species can quickly occupy a site and
are faster growing and considered the best choice for re-vegetating steep mining sites. Currently,
black locusts (R. pseudoacacia), a pioneer species, are establishing throughout the site. As previously
mentioned, the black locust (R. pseudacacia) is an important species for nitrogen fixation, helping to
build healthy soils and provide nutrients for other plants. This species also has the ability to spread
easily and cover large areas quickly by producing new shoots from their roots. Other pioneer species
that reproduce aggressively through this process are the trembling aspen (Populus tremuloides) and
the grey dogwood (Cornus racemosa). These species have been proven to successfully establish
on steep slopes with minimal soil profiles and compacted soils. Therefore, they will be an important
species in re-vegetating the site.
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Figure 4: Site Inventory and Analysis

Mixed hardwood upland forest with thin soil profile- Oak/Hickory, Yellow
Poplar, and Red Maple. Ridges here yield drier species and some
secondary successional growth.

Rock fall hazards along the edge of the site. Buildings should not be built
close to the edge. An angle of repose for safety should be considered.

Drainage patterns to the valley fill are impeded by surrounding berms. A
berm, swale berm pattern surrourvds'he lley fill. The swales contain
cattails and other wetland identifiab

Drainage ditches line the highwalls. Water movement is slow due to mild
slopes and limited outlets.  Generally these swales run parallel to a berm
which separate them from other wetland lowlands. The swales are filled
with sedges (Carex spp) and woolgrass (Scirpus cyperinus), while cattails
(Typa spp) populate broader stormwater areas.

appears to have significant sediment and algae buildup likely from
ot ion ot caiommashon t southerly valley fill region.

‘age patterns are evident on highwalls through water marks and willow
lix) species.

A series of berms and ditches create wetland pockets and micro climate
habitats. Small trees and shrubs populate the berms.

Mature hardwood oak and tulip tree species characterize areas of the valley
fll. Pioneer trees such as black locust and empress trees are evident near
me top slone in open areas. Valley fil

1o access ai

‘This area will be shaded by the freeway above.  Shade tolerant vegetation
should be considered here.

ST S RO e
ofile. This area was once a headwater stream and has been filled with
Eignifcant material, which futher inhioits plant rowth.

Open areas between forested vegetation are dominated by crown vetch
ground cover, an aggressive plant that serves as erosion control on the
steep slopes.

These areas can be characterized by compacted, rocky soil with limited
tion. In areas where some soil profile is present, broomsedge is
dominate, indicating acidic soil conditions.

Original drainage patterns indicate that valleys extended to these areas
that are now filled for infrastructure and development.

wem and sanitary sewer lines extend along the future highway right-of-
this time no vegetation has been planted to stabilize the soils.
Thsvallsy ‘downstream is susceptible to significant sedimentation from this

Roadway stormwater is managed through a turf lawn swale with check
dams. This system provides lttle ecological value and limited erosion
control.

There is considerable space dedicated to traditional lawn treatments
sutounding the prison.  While considering the importance of viewsheds
security, low-profile prairie plants wouid reduce maintenance costs
‘with mowing, while reducing stormwater runoff from the prison

A series of underground stormwater pipes and ditches associated with the
pment discharge intc

Retive and Invasie grasses.

Southerly valley fil. Ecological value a

with the addition of small trees, stabilizing shrubs, and greater native plant

A steep_dip along the existing road at the valley fill wil require fill or
signifcant regracing of th area o brin theroad up to acceptable iopes.
Maitaiing sormuater movement without further concentating flow wil

re.

This area has a series of larger wetland pockets and a wider swale holding
a greater amount of runoff than other highwall coves. Sedges and cattails.
are prevalent here, with wetland sois that cross the existing road

‘The water contained in this valley fil seems less sediment rich than the
ponds to the north. This could be attributed to a series of upland wetlands,
drier southerly facing slopes, a vegetative buffer surrounding nearly all of

bl Tl s R iy el i
historical reflection.

There s 3 non-vogetated, eroded path along the valley il This indcatee.
r discharge that isn't directed to the

press trees ident near pe.
leased along this valley fil stream. A traditional valley fill does very lttle.
e limit sediment movement. Therefore, when this stormwater reaches the.
et arcas om water and sewer construction, the sediment a4

10 the downstream vally s furner increased

‘The noise from the prison such as gun fire may be an issue that can to be
addressed.

Water evident on highwalls surrounding the prison creates a significa
drainage problem for acjacent, low lng builng. Biorentention sl
be considered her

‘This valley fill has sparse vegetation. ~Autumn olive snmbs and chinese
grow randomly along the slope. Crown vetch ser the ground
Growth s sparse eaving a sighiicant amount of sl exposed
usceptible to erosion, s evidenced by the formation of several gullies.
Slope stabilization will be an important consideration here.

‘The existing flat and linear surface is suited for building the new highway.

There is significant erosion along the edges of this rock weir. This is most
Hklyatributd o the runafrom two stormwatr ponds surounding
the prison. Improverents such as low profie prairie plartings and

pons inconjunction it ossiby widering
mls welrand e Al veeataton o he bonss ey el

A series of underground stormwater pipes and ditches associated with

variety. Sediment movement from these ponds are evident in the valley

Significant sediment movement from mumpla valley fills converge and
continue downstream to the adjacent val

Similar to other valley fill, this area contains mature oak species and
sub-climax tulip tree species. A considerable amount of open space has.
allowed crown vetch to invade and dominate the fill. A few Autumn-olive
shrubs have started to populate the terraces.

‘The connection to the existing neighborhood must to be considered.

Stormwater Flow
Existing Drainage
Dry Condition
Wet Condition

Steep Topography






The hydrology along the valley fill slopes is concentrated, with drainage directed through a single stone
stormwater channel along terraced hillsides. This is a typical valley fill hydrology construction standard.
Concentrating the discharge in a straight segment along a steep slope causes water to move at excessive
rates. These channels are overstressed by the rate of stormwater discharge as evidenced by severe
soil erosion along the edges. Weaving vegetation through the stones can significantly reduce erosion,
providing slope stabilization that bonds with the soil more seamlessly than the stones. Vegetation can
also create habitat connections and improve the aesthetics of these engineered systems.

While vegetation can reduce erosion
potential, it does not address the
problem of steep, concentrated point
loaded stormwater systems. A principle
of low impact development is to
slow water to allow it to be cleansed
and infiltrated into the ground, while
lessoning the erosion potential. Inorder
to reduce stormwater concentration,
additional vegetated stone channels
provide multiple outlets rather than
a single point for surface runoff and
stormwater basin discharge from the
FCI-McDowell facility. This reduces the
stormwater flow rate passing through
the systems, which ultimately reduces
erosion potential along valley fill slopes.
Additional routes may also moderately
reduce the rate at which stormwater
reaches the receiving offsite system. By
staggering the timing that stormwater
discharges from the site, it will reduce
stress on the receiving system.

One other consideration that could significantly reduce stormwater
movement along the valley fill slopes, while also providing biofiltration,
would be to construct a flow-form inspired valley fill stormwater route.
Originating in the 1960’s from the work of Theodore Schwenk, George
Adams and John Wilkes, flow-forms were inspired by the movement
of mountain streams. They were designed to simulate this rhythmical
cascading movement in order to re-oxygenate and treat water. Flow-
forms provide tiers of sinusoidal movement along steep slopes.
Stormwater weaves, pauses, and gradually moves down the mountain
slopes. The systems combine hard engineering and natural systems.
While the form or part of the form is typically constructed with a
hardscape material, flow-forms can use an organic soil medium base
combined with stone and plants to provide biofiltration, cleansing
pollutants. Originally these systems were used in small applications,
but have been successfully adapted to accommodate larger flow
rates. The construction of these systems can be costly. Therefore,
they may be reserved for areas where aesthetics are a priority.
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Swale & Wetland

Many of the drainage swales and wetlands appear to be functioning hydrologically, capturing,
transporting, and infiltrating stormwater runoff. However, the swales are heavily engineered with deeply
cut cross-sections, running for long stretches at a standard offset distance from the rock highwalls.
Typically natural hydrology is more organic and less deliberate and controlled. Current hydrology is also
managed in either edge swale systems or central valley fill ponds. While pocket wetlands are scattered
throughout the site, there does not seem to be a hydrologic link or even distribution of stormwater.
Core principles of low impact development promote treating stormwater at the source,while seamlessly
integrating it naturally into the landscape. Berms and the central compacted areas prevent continuous
stormwater movement.

Since the swales are one of few ecologically functioning hydrologic networks on the site, these systems
should remain, but be enhanced to better reflect Low Impact Development (LID) principles. More
specifically, stormwater should respond to topography and use natural systems to slow the movement
of water, allowing infiltration. One way to achieve this is to level sections of the berm system to create
broader, shallower swales. The movement of stormwater through the swales should be interrupted by
larger flat areas where water can disperse and infiltrate. While flat topography facilitates this process,
compacted soils will slow the infiltration process. Therefore, smaller stormwater volumes should be
directed to these areas. In order to facilitate low stormwater volume, these areas should interrupt
swale movements often. The stormwater conveyance process is outlined in Figures 5 and 6.

Regrading the swale system that surrounds the northerly valley fill will be especially important. Swalesin
this region provide litte functional value, are unsightly and create a significant safety hazard. Regrading
to provide hydrologic capacity and to ensure the safety of the site occupants will be considered during
the design. As previously mentioned, solutions for this region must consider the sedimentation
problems in the valley fill ponds to ensure that no further sediment movement is directed here.
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Plantcommunities inthe drainage swales are dominated by cattails (Typha), sedges (Carex), and woolgrass
(S.cyperinus). While the cattails (Typha) are invasive, creating a concern for the establishment of native
plants, they perform a valuable function of removing pollutants associated with mining operations.
Since their growth remains in control, there appears to be no need to eradicate them at this time. It
is recommended that stormwater plants that are aggressive enough to withstand the cattail rhizomial
growth should be planted to enhance the stormwater areas. Willow species (Salix spp), would be an
excellent addition, as their stoloniferous roots (horizontal root runners) are similar to rhizomial growth,
allowing them to outcompete with many species. Research has shown that this species has successfully
cohabitated with cattails (Typha). Willows (Salix) provide many ecological benefits for the site. They are
an excellent food and habitat source for wildlife, effective biofiltrators, are easily cultivated and their soft
texture and yellow fall color provide aesthetic value to the site. Since sedges (Carex) and woolgrass (S.
cyperinus) have already proven to successfully grow on the site, these species should also be propagated
for stormwater enhancement. The trifecta of species will help build the soil profile to allow for additional
colorful forbs that attract pollinators necessary to ecosystem health. Forbs (broad-leaved, herbaceous
plants) such as milkweed (Asclepias syriaca), aster species (Aster spp), and goldenrod species (Solidago
spp), have established on the site. Their presence should be extended throughout the stormwater system.

http://fineartamerica.com

http://en.wikipedia.org

http://www.nps.gov
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http://libguides.aurora.edu
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While these drainage systems provide a valuable hydrologic function for the site, they also create
usable outdoor space for people. Throughout the development, design language expressed through
stormwater and re-vegetated green spaces should exhibit landscape pattern, process and practice.
Green infrastructure and open space areas are linked through pedestrian greenways creating
connections that bond people to place. This pattern of movement and connection is evident in Figure
6. Ultimately, the design will create interactions among all species and their abiotic environment. This
is vital to maintaining healthy ecological processes and services. Due to the safety concerns associated
with the rock highwalls, some of these systems will be purely functional, acting as hydrologic and
wildlife mosaics. These areas will provide a buffer that responds to a safe angle of repose between the
highwalls and built environment. Stormwater areas further from the rock highwalls will be developed
as park spaces for leisure and environmental education. Greenways will link these areas to central
park spaces within the site interior. These centralized areas shall serve as important gathering spaces
to build community.

Central Core

The central core area is best described as overly compacted with nutrient poor soils and sparse native
vegetation. Often this is referred to as the “pavement” of reclamation, because the compaction has
created an impermeable surface. Low impact development strategies will be challenging to apply here
as green infrastructure and re-vegetation will be difficult.

Since infiltration is limited, green roofs play an important role in managing stormwater. Green roofs
have the ability to reduce total runoff by 60% and can detain 85% of the peak flow depending on the
depth of the growing medium. In addition to stormwater management, green roofs provide food and
habitat for wildlife, improve aesthetics, cool the air through evapotranspiration, prolong the life of a
roof’s waterproof membrane, and reduce heat loss in the winter and energy demands in the summer.

While these drainage systems provide a valuable hydrologic function for the site, they may also be
designed as a usable space for people. There are two types of green roofs: intensive and extensive.
Intensive roofs are typically more expensive to construct, hold high plant diversity and have higher
maintenance costs. Intensive roofs can be used to create park space and agricultural areas. Centrally-
located public or commercial buildings can provide opportunities for community gardens, helping supply
food while building community unity. Extensive roofs are typically inaccessible and are less expensive
to construct and maintain. Therefore, they will be a likely choice for most of the building development
on the Sustainable Energy Park (SEP) site. With only six inches of soil, lower plant diversity consisting
of only stonecrop (sedum), ornamental onion (allium), and iceplant (delosperma) are used. These low
growing species can be easily installed using modular pre-vegetated mats or trays. A green roof cross-
section is shown in Figure 7.
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Figure 7: Greenroof Cross-Section
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Since energy production is at the core
of the SEP development, solar panels
will be considered as a part of the
design. In order to capture the greatest
amount of solar energy, panels need
to be southerly facing. Research has
shown that northerly facing green roofs
are far more productive than southerly
facing roofs. Therefore a hybrid system,
combining solar panels on southerly
roof pitches and green roofs on
northerly roof pitches are envisioned to
maximize the energy and stormwater
benefits. The layout of the street grid
and housing placement for the SEP
respond to this alignment.

allium

rooftop
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While green roof application manages the majority of stormwater within the compacted core area, a
considerable amount of stormwater runoff will be generaged from the remaining impervious surfaces.
Another important principle in low impact development is using hydrology as an integrating framework
throughout the site. While greenroofs loosely achieve this, the spirit of the statementimplies movement.
Compacted areas limit movement and infiltration of stormwater through natural systems.

It is anticipated that large grade changes to this area will be difficult and costly. Under this assumption
much of the soil is impenetrable. This is often the case in brownfield redevelopment, so many of
the stormwater principles of brownfields may be applied in design. In many cases of brownfield
redevelopment, a cap (typically 12 inches or greater) is placed over contaminated areas to provide
a barrier between the contaminated soil and newly developed infrastructure. Just as in brownfield
treatment, a cap can be used to add grade to areas, leaving narrow spaces with less fill to serve as
stormwater swales. Therefore, rather than trenching swale systems through these areas, the ground is
built up around the base of the swales to create their form. While the placement of fill is expensive, it
provides many benefits for the site. It creates a healthy soil medium for vegetation development, can
infiltrate stormwater providing storage capacity, provides a suitable base for building infrastructure,
and can buffer the development from elements that may remain from former mining operations. This
building process is illustrated in Figure 8.

Due to the cost of fill placement, this treatment should be strategically applied in areas where soil is
most difficult to penetrate and where it can best integrate a framework of natural hydrologic movement
through the site. Therefore this treatment should be considered along greenways, near central
interior park spaces, and in several low points in areas outside of the greenways and main hydrologic
thoroughfares. Vegetation within the proposed swale system should be similar to what is proposed
in the swale and wetland areas. This will create strongly recognized and productive wildlife corridors,
helping to connect the fragmented landscape.

Vegetation in the central core area will be difficult to establish. Planting many smaller bare-root species
that will spread aggressively will be the most successful approach to establishing vegetation here. A
similar composition focusing on pioneer species proposed to re-vegetate valley fill areas should be
applied to these areas. Black locusts (R. pseudocacia), trembling aspens (Populus tremuloides), and
grey dogwoods (Cornus racemosa) can reproduce aggressively on ecologically stressed sites. These
species will help to build the soil profile for some time before climax species can establish.

http://maggiesfarm.anotherdotcom.com
http://www.sevenoaksnativenursery.com

http://www.uwgb.edu
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GIS Analysis of Site Conditions

The maps below describe overall site conditions in terms of elevation (Figure 10), land cover (Figure
11), slope (Figure 12), circulation/utilities (Figure 13), regional circulation (Figure 14), local circulation
(Figure 15), soils (Figure 16), slope aspect (Figure 17) and site hydrology (Figure 18). A brief analysis
detailing how the information was used in making planning decisions is provided for each map. All maps
in this section were developed by the Natural Resource Analysis Center at West Virginia University.

Elevation mapping allows researchers to understand the opportunities and constraints of the overall
site for different types of development. Figure 10 demonstrates that much of the site contains areas

of high elevation gradients that would create issues for different types of alternative energy facility
implementation and mixed use development.

Figure 10. Overall elevation conditions at the Indian Ridge site in McDowell County, WV.
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The land cover map (Figure 11) illustrates that the overall site is primarily forested with some areas of
previously disturbed areas due to a history of surface mining. Land cover data allows researchers to
make informed decisions regarding future site programming and activities. In areas of existing forest
a recreation program may be suitable. In areas of disturbance more industrial types of development
would be more appropriate. The ‘Forest in Permit’ areas are currently being surface mined or may be
mined in the near future. With foresight these areas may be reclaimed in such a way as to prepare
them for future alternative energy facilities. The ‘Mine Grass’ area to the east of the site is the Indian
Ridge Industrial Park site which includes FCI-McDowell (shown in black). Because of the existence of
mine grass, planted during reclamation and confirmed through site visits, this area is appropriate for
biomass cultivation with soil amendments.

Figure 11. Land cover map of the Indian Ridge site in McDowell County, WV.
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The map below, Figure 12, depicts slope in degrees, which provides very strong guidance in siting
development within the project boundary. Desirable slopes for constructing buildings generally fall
between 0-10 degrees. All of the green areas would be very difficult to build upon with the costs
potentially outweighing the benefits. The blue area, the Indian Ridge Industrial Park, is the most
suitable area for mixed use development and alternative energy facilities siting.

Figure 12. Slope in degrees at the Indian Ridge site in McDowell County, WV.
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The map below, Figure 13, shows transmission lines and their proximity to the site boundary and
existing facilities. This information will be applied to the alternative energy infrastructure planning in
finding the most appropriate location for linking the existing grid to site developments. Also shown
are the rights-of-way for the proposed expressways. Plans for the expressways must be acknowledged
in envisioning development of the site. This is especially important in siting costly alternative energy
generation facilities. The highway buffers (yellow and light blue) limit the location of certain types of
facilities but may be appropriate areas for planting biomass crops as a temporary placeholder for
future road construction. Existing roads within the site boundary are also an important component in
site analysis. The roads access ridge tops and may facilitate delivery and set up of wind or solar energy
installations. The roads may also function within a recreational program for the property in envisioning
both passive and active recreation opportunities throughout the site. The ‘Roads’ layer also identifies
important access points to and from the Indian Ridge Industrial Park. When envisioning mixed use
development in the former surface mined areas, locating access from the developed areas to the
wooded areas provides a strong sense of connectivity between the two areas.

Figure 13. Transmission lines and their proximity to the site boundary and existing facilities at the
Indian Ridge site in McDowell County, WV.
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Regional circulation allows researchers to look at patterns that could potentially link to the site in
the future. This is especially true of trails. Within the overall region of southern West Virginia trail
development and definition have become an important economic development opportunity for
many towns. The Hatfield-McCoy trail system is fast becoming a regional, national, and international

Figure 14. Existing and potential transportation pathways near Welch, WV.
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destination for all terrain vehicle (ATV) enthusiasts. Also underway is the delineation of the Great
Eastern Trail (GET) which, when completed, would be comparable in length to the Appalachian Trail.
While these trail connections do not currently intersect with the Indian Ridge site, future alignments
could access the area (Figure 14 and Figure 15).

Figure 15 . A closer view of existing and potential transportation pathways near the Indian Ridge site
in McDowell County, WV.
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Soils data provides planners with very important information to guide their planning and design
process. Soils provide opportunities and limitations for site development. Specific soils support unique
plant communities. Soil stability is also an important consideration when siting structures, trails, and
other potential design elements. Soil drainage is very important when considering site hydrology and
stormwater management. Within the project boundary, primary identified soils include Pineville and
Berks soils (USDA 1988). Pineville soils are found on the middle and lower mountain flanks and bases
on back-slopes and foot-slopes and in coves. Berks soils are found on summits and shoulders of
mountaintops with a slope range of 35 to 80% and are formed in material weathered from inter-
bedded siltstone, shale and fine-grained sandstone, mixed colluvial material from sandstone, siltstone,
and shale. Berks and Pineville soils show a strong association with particular vegetation. Common
trees found in these soils are scarlet oak, red oak, black oak, chestnut oak, white oak, yellow poplar,
hickory, beech, basswood, and red maple. The vegetation provides habitat typically for grouse, turkey,
squirrel, and whitetail deer. Important understory vegetation primarily growing on slopes with cool,
north-facing aspect includes cohosh, snakeroot, ginseng, trillium, mayapple, spring beauty, wild leek,
and ferns. The available water capacity of the Pineville soil is moderate or high. Natural fertility is
medium. Permeability is moderate. Runoff is very rapid. Most areas of this map unit are in woodland. A
few small areas of the Pineville soil on side slopes and foot slopes are used as pasture. Because of the
slope, surface stones, and a very severe hazard of erosion, the Berks and Pineville soils are unsuitable
for cultivated crops and hay and are difficult to manage for pasture. The slope and stones on the
surface severely limit this map unit for recreational development. Because of the very steep slopes
and surface stones, this map unit is generally unsuitable for community development. The hazard
of erosion is very severe in areas cleared for construction. The adjacent map, Figure 16, depicts soil
types within the Indian Ridge site in McDowell County, WV pre-mining.
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Figure 16. Soil types at the Indian Ridge site in McDowell County, WV site pre-mining.
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Slope aspect tells researchers the direction (north, south, east, west) that the particular land surfaces
are facing. Especially important for this project is the relation of the land surfaces to the cycles of
the sun. The map below, Figure 17, identifies areas that would be most suitable for siting of solar
panels within the design site. Other factors that would affect siting of solar infrastructure include slope
gradient and soils. Slope gradient may limit solar infrastructure because of the potential restrictions of
steep slopes making installation of panels difficult. Soil characteristics may limit installation because
of the need for a stable subgrade. Level areas within the Indian Ridge Industrial Park are also suitable
without regard for slope aspect as these open areas would allow for full exposure to the sun.

Figure 17. Slope aspect at the Indian Ridge site in McDowell County, WV.
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Site hydrology shows water movement over the site pre-mining. Of particular interest to researchers is
the site hydrology within the Indian Ridge Industrial Park area. When planning for new buildings, roads,
and other infrastructure, researchers will acknowledge existing hydrology in order to weave designs
within previously designed swales and pre-existing streams. Because stormwater management is a
key component of the planning and design process, blending with existing patterns to avoid negative
impacts is an important goal for the project. The map below, Figure 18, shows a detailed current site
hydrology hillshade model (a variation in tone from light to dark to delineate the form of the land) with
pre-mining streams (blue lines). A more detailed view of current site hydrology is found in Figure 28.

Figure 18. Historic and present hydrology at Indian Ridge site in McDowell County, WV.
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Figure 19. Aerial LiDAR imagery of the Indian Ridge site in McDowell County, WV.

Researchers documented site characteristics using ground-based LiDAR (Riegl® and Faro® brand
scanners) for integration with aerial LiDAR (Figure 19) and performed cursory site analysis while
laser-scanning. Researchers also obtained and reviewed Environmental Data Resources Report (EDR
Report) for Environmental Site Assessment to meet ASTM E1527-05 Standard.

Spatial Analysis and Modeling

Spatial Requirements of Alternative Energy Facilities

In order to better communicate and perform the inventory/analysis, design, planning, and potential of
a Sustainable Energy Park in McDowell County, researchers constructed a three-dimensional model of
the approximately 6000 acre site. The research team performed a review of the spatial requirements
(physical, structural, infrastructural needs, etc.) in state-of-the-art and practice alternative energy
facilities. Investigations included the collection of case studies of completed projects throughout the
United States. These projects provided detailed information in the physical needs for site suitability
and feasibility of alternative energy facility installation. Structural elements included the dimensions of
specific facilities and forms. Infrastructural needs included roadways, energy, and other needs.

Modeling of Alternative Energy Elements for Visualization

Facilities and structures were modeled three-dimensionally at scale so that they could be placed
within a spatial three-dimensional digital model for visualization. Wind turbines were created at three
different scales: utility, community, and residential scales in order to visualize generation within a
variety of contexts (Figure 20). Solar panels were also modeled (Figure 21).
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Figure 20. Utility scale wind turbine
modeled for insertion into site model.

Figure 21. Solar panel modeled using
state-of-the-art design for insertion into
site model.
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Aerial LIDAR Background: Specifications and Methods

LiDAR has become an established method for collecting very dense and accurate elevation values and
subsequent modeling of large-scale environments. This active remote sensing technique is analogous
to RADAR but uses light pulses instead of radio waves to measure travel times (Figure 22). The
location and elevation of the reflecting surface are derived from: 1) the time difference between the
laser pulse being emitted and returned, 2) the angle that the pulse was ‘fired’” at, and 3) the location
and height of the aircraft (i.e. sensor location). Unlike RADAR, LiDAR cannot penetrate clouds, rain, or
dense haze and must be flown during fair weather.

Figure 22. Multiple returns from the Optech® ALTM-3100 LiDAR unit.

An Optech® ALTM-3100, which is capable of emitting 100,000 pulses per second at flying altitudes
less than 1,100 meters (3,609 feet), was used to generate the LiDAR data. The system is mounted in
a Piper Navajo, a twin engine fixed-wing aircraft.

The Optech® ALTM-3100 is a four-return system, so for each pulse emitted from the sensor (70,000
per second in this case), up to 280,000 can be viable returns if flown over dense canopy with no
surface water or atmospheric interference. LiDAR pulses are absorbed in water and cannot penetrate
clouds or haze.

When combined, the layers create an accurate depiction of overall landscape characteristics,
topography, elevation, vegetation, and site hydrology. The model (Figure 23 and Figure 24) then serves
as a base for the rendering of design alternatives and for tracking change over time, and as an immersive
environment for design visualization. The resulting pointcloud model was exported to Pointools®,
software that allows planners and designers to work with very large data sets through linkages with
design software (Google SketchUp®, AutoCAD®, three-dimensional Studio Max®, Rhinoceros®, etc.).
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Figure 23. Overall model of
study area created using
LiDAR data processed in
Pointools® software.

Figure 24. A bird’s eye
view of the LiDAR model in
Pointools® software.
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The primary design software used to create visualizations was Rhinoceros®. With the existing
pointcloud, researchers were able to model the future expressways (Figure 25) planned for the area.
The Geographic Information Systems (GIS) data provided alignments for the Coalfields Expressway
(north/south) and the King Coal Expressway (east/west), which are planned to intersect on the northern
border of the project boundary. Researchers also modeled the existing FCI-McDowell complex in the
three-dimensional digital model (Figure 26).

Figure 25. Digital three-dimensional model showing future King Coal and Coalfields Expressways built
using Rhinoceros® software.

Figure 26. Digital three-dimensional model showing FCI-McDowell within the context of the site and
the future expressways.
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Detailed inventory and analyses were performed using the LiDAR model. The very detailed topographic
data allowed researchers to create a detailed map of site hydrology. Site hydrology information will
be applied to the development of green infrastructure design focused on stormwater management.
Vegetation for the approximately 6,000 acres was also modeled showing areas of canopy, sub-canopy,
shrub layer, grasses and bare earth. When combined, the layers create an accurate depiction of overall
landscape characteristics, topography, vegetation, and site hydrology. The model then serves as a
base for the rendering of design alternatives and for tracking change over time, and as an immersive
environment for design visualization.

The result is a three-dimensional (Pointools®) model of Indian Ridge site’s approximately 6,000 acres.
Next steps included modeling of existing structures on site including FCI-McDowell, and the proposed
highway alignments (Coalfields Expressway North/South and King Coal Highway East/West). Figures
27 to 30 depict LiDAR produced imagery. With the use of LiDAR and the creation of a hillshade image
for site topography, a highly detailed inventory of drainage patterns is possible. The drainage plan
post-surface mine reclamation includes swales that follow along the edges of highwalls. The swales
bring stormwater runoff to two very large detention ponds. Also visible in Figure 28 is the planned and
graded alignment for expressway development.
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Indian Ridge Site: Detailed Drainage
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Figure 28. Detailed drainage and topography of the Indian Ridge site in McDowell County, WV.
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F|gure 29. LiDAR produced imagery of proposed SEP Site in McDowell County, WV.

Figure 30. LiDAR produced imagery of the proposed SEP Site, depicting a "fly through" view.






Participatory Planning

Participatory Planning Process with Officials and Experts

The participatory planning process with local officials began with the meeting in Welch just south of
the McDowell County Indian Ridge site. Alternative energy experts were engaged to provide a practical
critique of project design when conceptual designs were completed. Researchers met with West
Virginia regional solar energy experts (MTV Solar) to discuss collaboration/review of solar infrastructure
design. Researchers met with US Windforce to discuss wind infrastructure design. These two industry
representatives, as experts in their respective fields, provided important contributions to the planning
process.

Local Official Participation

Researchers administered a meeting to discuss the proposed SEP project in Welch, through the
McDowell County Economic Development Authority. The meeting allowed researchers to hear local
concerns and opportunities related to the Indian Ridge Industrial Park site and the entire site under
consideration. Stakeholders at the meeting identified groups and individuals for engagement in the
participatory planning process. There were multiple purposes identified for the meeting; to introduce
West Virginia University team members and McDowell County officials and attendees; introduce the SEP
Project to local McDowell County officials and other attendees; discuss potential stakeholder groups
for participation in the planning process; discuss a potential public-wide engagement strategy during
project planning; discuss other opportunities that may be addressed during the planning process, i.e.
industrial park location and design; to discuss opportunities created by expressway alignments, public
recreation needs, gateway opportunities, National Coal Heritage Trail connections, etc.; clarify the
project site boundary and access to the site; and to coordinate a visit to the project site for surveying
purposes (LIiDAR and environmental assessment). The meeting occurred on Wednesday, March 28,
2012, and site visits followed that afternoon and the next day.

The meeting brought local insights and sensitivities to the attention of the research team. One of
the key outcomes of the meeting was to identify other groups for participation. The identified groups
and individuals included: the local Chamber of Commerce, local schools, Southern West Virginia
Community College (Saulsville), WVU Extension agents, WVU-Extension 4H representatives, Copper
Ridge Landfill representatives, and the warden at FCI-McDowell. Individuals involved in alternative
energy projects currently active in McDowell County were also identified including high school teachers
and local Health Sciences and Technology Academy (HSTA) representatives. Local alternative energy
projects include a solar experiment at Mount View High School and potential methane harvesting/
trash to energy facilities at Copper Ridge Landfill.

Local knowledge communicated during the meeting assisted researchers in defining the boundary of
the site for planning. Individuals at the meeting had worked closely in bringing FCI-McDowell to the
property; the group had gone through several iterations of planning and design in envisioning future
use of the industrial park. The site had been identified for mixed-use development through a land use
master plan (LUMP) developed for the West Virginia Division of Energy Office of Coalfield Community
Development. The mixed-use development for the site is appropriate as it is the location of the future
interchange between the King Coal Expressway and the Coalfields Expressway. The participants had
identified ‘new’ energy development opportunities for the site including a possible hydro-pump project
and a possible mine-water-heat energy generating facility. The group perceived a relationship with FCI-
McDowell to be a strong opportunity for partnership through work camps and green energy job training
programs.
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In terms of recreation, participants had witnessed the positive economic impacts of the regional
all-terrain vehicle trail and envisioned potential connections to the Hatfield-McCoy trail, specifically
reaching out to Ashland where trail alighments had been defined. The participants did perceive a
potential conflict in developing a ‘formal’ trail system in McDowell County. Specifically they thought
that residents may resist paying the fees and following the rules if trails were proposed for the project
site. Participants discussed the potential for specific county resident access without major restrictions.

Another connection that would benefit site development was with the National Coal Heritage Trail US
Route 16. As a gateway from the planned expressways (King Coal and Coalfields Expressways) to the
historic and cultural resources of the established route, the industrial park site would be a key hub in
drawing visitors to the region.

Participants also identified key community needs in real estate and economic development. Through
local discussions the group had identified a need for rental properties. Many of the workers at FCI-
McDowell commute over an hour to work. Local housing does not satisfy the demand. They also see
a need for a hotel/motel at the industrial park site; visitors to FCI-McDowell have difficulty finding
overnight lodging.

Assets that participants identified through discussion include existing site infrastructure. Existing
infrastructure includes roads, water, electricity, and other utilities. Water retention for runoff was
established in the mine reclamation process. Discussants also perceive strong potential in providing
utility support for FCI-McDowell.

Expert Participation and Consultation

As a planning component of the project, regional experts in the field of alternative energy generation
were consulted multiple times throughout the project development. Solar energy experts (MTV Solar)
were recruited to discuss collaboration and in their role as potential reviewers of solar infrastructure
design for the McDowell site. Their participation allows for the most context-sensitive design solutions
as they work designing, implementing, and managing solar infrastructure projects throughout the
northeastern region. As a company, they are committed to building local economies through alternative
energy projects, training local contractors, and educating the public. Their participation may have
positive impacts on the residents of Welch and the region.

Wind energy expert consultation consisted of meeting with US Windforce, a key player in developing
wind energy projects atthe Allegheny Front, particularly in Logan County, WV. They portrayed very clearly
the financial margins necessary for completing a privately funded project. Their input provided insight
into the feasibility of the McDowell County project. When implementation is more fully developed for
the site, US Windforce’s participation may become a key component to grounding the planning project
within the realities of wind energy development on the site.

Focus Group Meetings

Following the meeting with officials at the McDowell County Economic Development Authority (EDA),
focus group meetings were organized. To gather a broad base of input, three focus group meetings
were scheduled, in addition to meetings with newly identified stakeholders. The meetings were held
on June 14, 2012 at the Welch Public Library. After the meeting with McDowell County EDA, leaders
of the Copper Ridge Landfill and administrators at FCI-McDowell were contacted for private meetings.
Focus groups were organized under the subject areas: education, business/industry, and recreation.
With the input of the EDA already establishing a mixed-use program, researchers decided on more
specific and detailed topical areas for coverage in focus group meetings. Questions designed to spur
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conversation between participants were consistent across the three groups though with different
areas of emphasis. Individuals were contacted for participation through email and phone calls. Many
were eager to contribute their input to the project. The following discussion lists the questions asked
of each focus group, followed by the summary results and analysis of input collected at each focus
group meeting. The concluding section translates collected information to planning and visualization
of the Master Plan and potential project and program initiatives.

Education Focus Group

Questions and Topics:

* What do you see as opportunities for this project in addressing educational needs in the region?
* What types of skills training could you foresee being a part of this development?

* What programs are currently underway that would relate well to this development?

* What new programs could be developed in relation to this development?

* How would these new programs be administered or facilitated?

* What do you see as other opportunities in relation to this development?

* What do you foresee as potential problems in relation to this development?

* What is the most pressing need in education in this region?

Education Stakeholder Input and Results:

Focus group participants expressed that education and interpretation should not exclude celebrating
history of coal mining in the region. Existing programs and degree programs at high schools and
the local community college should be integrated and have a strong potential for contributing to the
project. Building additional education programs around the new development would also enhance
local opportunities for focused degrees, and enhance other campuses’ offerings. Opportunities were
noted especially in the area of computing and creating a ‘certification’ center in the new development.
Also, the development was seen as a potential training ground for ‘green jobs.’” Training for ‘recreation’
and ‘tourism’ industry jobs was also noted as a potential emphasis in relation to the new development.
Establishing recreational facilities, especially high adventure facilities, and training individuals in their
operation was seen as an opportunity. Officials from FCI-McDowell already have a solar panel installation
training system so the development of solar facilities on the site could provide real life experience
and training to work camp inmates. Carpentry, masonry, and building management programs could
also create strong connections to future development. The key component of education programming
in reference to the community college and FCI-McDowell was job training, preparing students and
inmates for professional careers with livable wages that could fit into, and enhance, the local economy.

In terms of high school education, local leaders perceive a strong potential connection to the
Health, Science and Technology Academy (HSTA) program. Developing curriculum related to the new
development and assisting local educators in implementing the curriculum would be necessary,
especially in terms of scheduling and planning as this occurs months prior to the beginning of the
school year. Curricular opportunities discussed included focusing on environmental mitigation and
using the site as a laboratory for water resource management and biodiversity studies.

Housing is an issue that was identified by the participants. Recruiting teachers and faculty to the area
has been difficult due to a lack of housing.

Education focus group participants also commented on appropriate recreational opportunities
centered on active living that the new development could address. Walking trails free from All-Terrain
Vehicle usage would be desirable. Linking the site development to quality of life resources would
benefit local residents.
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Business and Industry Focus Group

Questions and Topics:

* What do you see as opportunities for this project in addressing business/industrial needs in the
region?

* What types of businesses/industries could you foresee being a part of this development?

* What business/industrial projects are currently underway that would relate well to this development?

* What new business/industrial projects could be developed in relation to this development?

* What would help jump start these new business/industrial projects?

* What do you see as other opportunities in relation to this development?

* What do you foresee as potential problems in relation to this development?

* What is the most pressing need in business/industry in this region?

Business and Industry Stakeholder Input and Results:

Current projects adjacent to or within the study area boundary could create strong connections to the
Indian Ridge development site. The local landfill is planning for development of a ‘waste to energy’
facility so infrastructural improvements would be mutually beneficial. Stakeholders identified the FCI-
McDowell as a potential consumer of alternative energy. The participants see a need for a tourism
visitor center on the site as a gateway into the region. They also see a need for housing for area
employees. Many local employees commute long distances to work places, especially FCI-McDowell.

Focus group participants envisioned different businesses and services that could be a part of the
Indian Ridge site development that were lacking in the area. These businesses include retail stores,
a Magic Mart, auto parts stores, All-Terrain Vehicle (ATV) service and parts shops, building materials
outlets, a livestock market, outdoor-type markets, and laundromats. Participants thought that this
development could spur entrepreneurial spirit in the area that is currently lacking. They also voiced
a need for a large scale event space for hosting the county fair, ATV racing, theatrical and musical
events, rodeos, races, car shows, and carnivals.

New expressway and utility development were seen as necessary elements in the development of the
region creating better access into and out of the area. The new expressways would provide connection
between existing site developments and the Indian Ridge Industrial Park. Roads and railroads would
help to counter loss of population trends and enhance local school investment and quality, a perceived
barrier to in-migration. The rarity of flat developable land is also seen as a barrier to new industry
development in the region. In concert with developing new lands, engineering creeks and local rivers
to be more sustainable was also seen as an opportunity to attract new settlement.

Recreation Focus Group

Questions and Topics:

* What do you see as opportunities for this project in addressing recreational needs in the region?
* What recreational programs are currently underway that would relate well to this development?
* How does this site relate/compare to other recreational resources in the area?

* What new programs could be developed in relation to this development?

* How would these new programs be administered or facilitated?

* What do you see as other opportunities in relation to this development?

* What do you foresee as potential problems in relation to this development?

* What is the most pressing need in nature-based recreation in this region?

* What is the most pressing need in other recreation in this region?
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Recreation Stakeholder Input and Results:

Recreation stakeholders voiced opportunities for the site to function both regionally and locally in
enhancing facilities and programs. A connection to the Hatfield-McCoy Trail was seen as an opportunity
asplansarealready underwayto connect War, WV to Welch and Davy, WV. Hiking, biking, and dog-walking,
as healthy living improvements, were mentioned as potential new facilities for the site development.
The group envisioned open space with water, a playground and integrated environmental education
within the site. Mountain-biking, ATV trails and BMX biking trails could be implemented. Creating a
Hatfield-McCoy type trail system for mountain bikes was seen as an opportunity. A recreational site
already under development, Twin Branch, could be connected to the development site enhancing
local trail systems. Currently ATV riders use trails on private property or “renegade” trails. Providing
management and control to local trails is a concern. Local users have voiced opposition to controls
including requiring helmets and boots and limitations on alcohol consumption, though participants
see these controls as necessary. Participants would like to see the town of Welch become more
‘ATV friendly’ as they have seen positive economic impacts of ATV users in other communities. Other
activities mentioned for park development include a paintball facility, zip-lining, a snow park, rock-
climbing, hunting, fishing and geo-caching. Participants identified conflicts between some of these
uses, especially in relation to hunting seasons.

Participants voiced a need for a wellness center and discussed issues and gaps in facilities at local
parks. Popular activities that could be facilitated with new development include a golf driving range,
a firing range, and radio controlled aircraft piloting. Locally, communities are in need of a Department
of Parks and Recreation. Participants discussed creating a non-profit for managing recreation sites or
a public/private partnership developed similar to the Hatfield-McCoy organizational structure. They
saw the new coal methane tax monies as a potential opportunity for investing in recreation-focused
development.

Focus group participants recognize that recreational visitors will require services: gas, food, and lodging.
The new development could provide these important visitor services. In terms of other development for
the site, participants discussed fast-food franchises, outdoor equipment retailers, and sports shops.

Participation with Local Youth

In order to address questions and
concerns of local youth, an event
was scheduled at the McDowell and
Wyoming County 4H camp with a
self-selected student group. In this
way the group was small enough
to engage in a meaningful way. An
agenda was set for the meetings
with 4H students that sought to
educate them on the project and
provide a forum for discussion. It was
also hoped that the students would
contribute meaningfully to the design
process. The 4H Camp was held in
Glen Fork during the week of June
25-29, 2012. Working with a youth
group (Figure 31) was a very important component of the project in that their contributions gave voice
to an underserved population group, and it is hoped that as the next generation of adults they may

Figure 31: Researchers meeting with students.
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recognize potential ‘new’ energy opportunities as defining their region, especially as a viable reuse
strategy for surface mined sites.

The image below, Figure 32, depicts a three-dimensional digital site model and the ‘kit of parts’ that
students were able to use in designing the site. The kit of parts includes, from left to right, a wind
turbine, perennial grasses, a solar panel, an industrial building, suburban type housing, high density
apartment style housing, high income detached housing, and single family detached low density
housing. The FCI-McDowell complex is also shown, as are the planned expressways. The images in
figures 33 to 35, on the following pages, depict potential designs from the three student groups.

Figure 32. Three-Dimensional Digjtal Site Model and Kit of Parts.
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Figure 33. Group 1 Design of the Site Plan.

Figure 34. Group 2 Design of the Site Plan.
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Figure 35. Group 3 Design of the Site Plan
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SEP Comprehensive Master Plan

Land Use Master Plan

Integrating all of the previously described information and defining areas for specific land uses within
the Indian Ridge Industrial Park was the next step in the planning process. As discussed in the “Local
Official Participation” and “Community Participation” sections of this report, guidance in land uses
that are needed within the region are industrial, commercial, recreational, and residential. Alternative
energy suitability modeling allows researchers to site these facilities in the most appropriate locations.

The Land Use Master Plan for the Indian Ridge Industrial Park attempts to satisfy the community
needs for developable land and provide for spaces to integrate alternative energy generating facilities.
The topography of the existing stormwater infrastructure creates limitations in siting facilities.
Other primary limiting factors are the planned expressway corridors. High volume roads require a
buffer. Leaving these areas open for future road construction by planting biomass/switchgrass in
the corridor allows for transitioning the area at a later date. Industrial uses are placed adjacent to
the main highway interchange, while residential development is proposed in the south and east of
the site. Locating residential development here provides for a sense of seclusion from the highway.
Solar infrastructure is located close to FCI-McDowell so that the facility may take advantage of nearby
energy production. This location, with its full southern exposure, will also be most efficient in solar
collection. Commercial development is included in an ‘Interchange’ zone, providing needed services
that were identified as desirable by participants. Areas of switchgrass are planted in areas that are
considered marginal, or lacking the spatial requirements of other land uses or in close proximity to
areas of sensory disturbance, i.e. highways and industrial development. While the Land Use Master
Plan shows segregated land uses, the next level of planning and design proposed integration of land
uses. The integration of alternative energy elements (wind, solar, and biomass), on a smaller scale,
was interwoven with necessary infrastructure and building prototype design. Green infrastructure
design of stormwater systems will also become an interwoven pattern in the Master Plan (Figure 36).
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Figure 36. Land Use Master Plan for the Indian Ridge Industrial Park, McDowell County, WV.
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Regional Land Use Master Plan

Most significant in Figure 37 are the permit boundaries for future surface mining to the south of the
Indian Ridge Industrial Park site along the ridgeline. By envisioning this area as a potential future
alternative energy site, specifically with wind integrated with biomass production, a new connectivity
is created. The wind turbine polyline shown on the map identifies ridge tops that are connected
with existing roadways. These areas are also outside the two kilometer buffer so that noise impacts
will be reduced for residents of north Welch, new residential development, and the FCI-McDowell
population. The areas of forest within the property boundary that do not have a desighated land use
are programmed in more detail in the Regional Trail Master Plan (Figure 38). Input from local officials
has indicated that recreation land is a potential use of this area and is an identified need in the
community. Access to this large recreation area from Welch will take advantage of existing roadways.
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Figure 37. The Regional Land Use Master Plan shows the entire site owned by the McDowell County EDA.
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Regional Trails Master Plan

The Regional Trails Master Plan shows the entire site owned by McDowell County EDA and adjacent
areas. Input from local officials and citizens indicates that recreation land is a potential use of this
area, and is an identified need in the community. Access to this large recreation area from Welch will
take advantage of existing roadways. ATV type recreation is creating positive economic development
in the region, especially areas connected to the Hatfield-McCoy Trail System. Pedestrian trails are also
proposed for more passive hiking and biking through the forested landscape.
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Figure 38. The Regional Trails Master Plan shows proposed new trails and connections to existing
trails. Recreation areas as determined by focus group participants are also shown on the plan.

57





Development Phasing

Phasing development of the Indian Ridge Industrial Site allows for a visionary marketing effort with
designated areas of future development. The ‘Interchange Zone’ would not be a suitable land use
until the expressways are constructed; however, using that land temporarily in producing biomass
through perennial planting creates a placeholder for change. Additionally, lands designated for
residential/commercial development and industrial development can support biomass production
through planting or succession while waiting for investment. Solar infrastructure would necessarily
be permanent, however, so designating the area adjacent to FCI-McDowell as a future ‘new energy’
gateway element into the industrial park would create a sense of character for the overall site and
define a powerful entry experience.

Phase 1: Visualizing Biomass, Solar, Wind

As the first phase in property development the areas appropriate for significant alternative energy
facility installation were identified for infinite long term use. Switchgrass, or other grasses, to be
used for biomass production is a very rugged species that is drought-tolerant and fast growing. Soil
amendments will be required to support cultivation. The soils on site are currently compacted and
require specific additions to be productive. Necessary soil amendments for creating a positive growing
medium at one of the sites tested within the industrial park for tall grass hay or pasture (less that 30%
legume) establishment include: Aglime applied at three tons per acre ground lime; Nitrogen Fertilizer
applied at fifty to two hundred pounds per acre; Phosphorus Pentoxide (P205) Fertilizer applied at
one hundred twenty pounds per acre; and Potassium Oxide (K20) Fertilizer applied at one hundred
twenty pounds per acre. These recommendations are for a yield goal of three to four tons per acre
and assume a soil pH corrected to 6.5. Nitrogen (N) needs depend on desired yield goal. Potassium
(K) application should be reduced if magnesium (Mg) is low (less than 100 |bs/acre). Any fertilizer or
approved organic material that will supply the plant nutrients recommended may be used. A county
extension agent can suggest locally-available fertilizers to suit the recommendation. Fifty pounds per
acre Nitrogen can be applied by itself or with a complete fertilizer in late winter and/or September. An
additional fifty pounds per acre of Nitrogen can be applied after the first cutting if desired. Soil should
be retested each fall for adjustments to the above inputs. Figures 39 through Figure 44 show three-
dimensional digital visualizations of the Indian Ridge site development phasing.
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Figure 39. Three-dimensional digital site model with integrated expressways (view from south).

Figure 40. Three-dimensional digital site model with integrated expressways (view from southeast).
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Figure 41. Three-dimensional digital site model with integrated biomass and solar facilities (view from
south).

Figure 42. Three-dimensional digital site model with integrated wind, biomass, and solar facilities
(view from southeast).
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Figure 43. Three-dimensional digital site model with expressways, integrated wind, biomass, and solar
facilities (view from southeast).

Figure 44. Detail view of three-dimensional digital site model with expressways, integrated biomass
and solar facilities (view from southeast with FCI-McDowell in the foreground).
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Detailed Land Use Master Plan- Phases 2/3/4: Visualizing Mixed Use

Development

Phase 2: Interchange Zone (existing industrial area)

Phase 3: Residential/Commercial at Southern Access

Phase 4: Industrial at Northern Access

industrial uses

stormwater infrastructure

residential
development

‘interchange’ zone

expressway corridor

stormwater infrastructure

industrial uses

solar infrastructure

FCI-McDowell

?

biomass
N

NOT TO SCALE

expressway corridor

Figure 45: Land Use Master Plan showing circulation patterns and areas of development.
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residential development ‘interchange’ zone

recreational trail linked to North Welch

Figure 46: Bird’'s eye view of Land Use Master Plan from east.

industrial uses .
solar infrastructure

residential development ‘interchange’ zone

FCI-McDowell

biomass

Figure 47: Bird’s eye view of Land Use Master Plan from south.
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‘interchange’ zone
residential development

section A-A;

Figure 48: Section cut of Land Use Master Plan showing different areas of development

industrial uses

section B-B,
Figure 49: Section cut of Land Use Master Plan showing different areas of development
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FCI-McDowell

stormwater infrastructure

solar infrastructure
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Low Impact Development (LID) and Green Infrastructure

Low impact development (LID) is an approach
to land development that protects natural
resource systems while reducing infrastructure
costs by working with nature to manage
stormwater close to its source. LID is used to
restore or maintain a watershed’s hydrologic
and ecological function by managing hydrology
in a way that promotes natural stormwater
movement while reducing the impacts of
hardscape and building elements. Treating
stormwater as a valuable resource rather than
as a waste product, LID principles include:
maintaining natural drainage patterns,
preserving vegetation, understanding soil
conditions, and disconnecting impervious
surfaces in order to slow and cleanse
stormwater runoff. The SEP site exhibits many
signs of environmental degradation from
former surface mining activities. Therefore,
it will be important to recognize where key
opportunities to build ecosystem function
into the landscape exist. By employing LID
practices that influence the form of design and
respond to these opportunities, the landscape
can begin to heal.

http://inhabitat.com/

http://cstreetne.blogspot.com

In addition to LID practices, a network of green infrastructure elements will help to restore and sustain
ecological values and functions. Green infrastructure generally refers to methods that mimic natural
processes through a collection of open space, parks, wetlands, healthy stream and infiltration-based
low impact development practices. These initiatives have the potential to filter air and water pollutants,
provide flood control, reduce solar heat gain, enhance and stabilize soil and provide wildlife habitat,
building biodiversity while improving human health and strengthening people’s connection to nature
and sense of place (Benedict 2002).

http://opentecture.blogspot.com

http://.asla.org.
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While green infrastructure systems add value by building ecological functions into the landscape,
the sustainability and success of green infrastructure cannot rely on science alone, but should focus
on the dynamic interactions between nature and society living in a mutually supportive habitat. This
expands the discipline of landscape ecology to include human-dominated environmental and place-
based problems with solutions that respond to cultural landscape vernacular. This holistic approach
responds to a greater spectrum of natural processes and human interaction, inspiring people to
experience nature while increasing their ecological literacy.

Links between landscape science and landscape design are integral to the success of achieving many
societal needs with regard to landscape ecology success. It is commonly accepted that ecological
sustainability is only realized to the extent for which societal disposition is aligned with the perceived
value of the ecosystem services (Dickson 2003). It is often through design language that landscape
patterns, processes, and practices are understood by society, influencing the human propensity to
effect landscape change (Lister, 2009).

Therefore, it is not only important that elements that heal the landscape bring alternative forms of
energy and building infrastructure to the site, but that they are arranged to create spaces where people

engage in community and nature. Ultimately, this approach allows landscape design to serve as the
link between living, science, and art.

http://www.nps.gov

bio

Swale
b'\oretent‘\on

http://www.lakecountyil.gov

http://hpigreen.com
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People and Placemaking

While the human effects and integration were incorporated into landscape restoration of the
previously described systems, it will be important to weave a placemaking component into the design.
Placemaking is a form of design that responds to community assets, culture, potential, and motivation.
It can transform a massive undefined area into a memorable center for community gathering and
interaction. Using indigenous landscape intervention and cultural vernacular, design can improve both
landscape performance and resiliency. The following photos are taken in and around the Town of
Welch.

brick buildings

gardens

It is not only important to recognize the successional landscape while incorporating people and place,
but the design shall also reflect the scars from former surface mining operations. The reclamation
process shall strive to avoid an intent to obscure the site’s extractive industrial past in order to set
precedent on the ecological development of the future. This may be achieved in architectural and
public art elements that reflect industry through materiality and form. A space dedicated to reflection
and recognition of the former land use is proposed at a central location, the Heritage Park. The park
can be experienced from a multitude of levels. It can be seen from the freeway, experienced from its
central core hub, or explored from paths that wind through the valley fill.
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Case Studies

As a part of the research process, a case study inventory was completed. Sites that inspired or
contained similar elements as those proposed for the SEP site were studied in order to understand the
design process, implementation and success of restoration and development methods. The following
sites served as case studies: The Steel Yard, Qunli Stormwater Park, Marcraes Gold Site, and the AMD
and Art Project.
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The Steel Yard transformed an abandoned steel fabricating plant into a working art
campus and social event space. Providence Steel and Iron was a brownfield site with
significant lead contamination. Rather than removing the soil, it was left in place and
the site built above. A minimum 12 inches of clean fill or pavement was placed over
the entire space. Since this ultimately left the buildings at a lower elevation than the
surrounding ground, a series of moats surrounded the building footprints and managed
the site’s stormwater. The moats were lined with 12 inches of soil and native plantings,
providing water storage capacity and pollutant uptake capabilities.

Placemaking was also an important consideration for the design. The former site history
of steel fabrication is celebrated through design elements. Recycled materials and steel
frames are used to create site features. A central lawn space serves as a gathering space
for community building.

The stormwater treatment for the SEP site is similar to the implementation at the Steel
Yard. Due to the excessive compaction and possible contamination of the soil, the
design treats the existing ground as an impenetrable surface in many areas and site
features are built on clean fill. Soil and native plants are added above the existing ground
elevation to form bioswales for stormwater retention, filtration, and conveyance.

http://.asla.org.
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Qunli Stormwater Park serves as a green sponge, cleansing and storing urban stormwater.
The cleansed water is integrated with other ecosystem services providing protection of
native habitats, aquifer recharge, recreational use, and aesthetic experience. The design
allowed the central part of the wetland to succeed naturally, while the exterior sections
were graded and additional site features were added. Aggressive-growing trees were
used to reforest areas, while grasses and sedges were used to populate the wetland
spaces and provide erosion control. The site can be experienced along multiple levels. A
network of paths link ponds and mounds, creating a walkthrough experience. Platforms
and seats enable people to have close contact with nature, and skywalks allow the site
to be viewed from above.

The stormwater parks proposed for the SEP site not only provide a vital role for stormwater
management and habitat development, but also create places for people to engage with
their natural surroundings. Many of the spaces, particularly near the valley fills, can be
viewed and experienced along multiple levels.

http://.asla.org.

http://.asla.org.
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The Marcraes Gold Site is a reclamation project located on the former Oceana Gold Mine.
A heritage and art park was the core of the rehabilitation plan for this site. The design
provided a recreational resource that combines history, art, designed landscape, the
natural environment, ecology, technology and traditional and alternative agriculture into
a self-sustaining destination for tourism.

Just as the SEP site, this site considered ecological restoration, infrastructure,
historical preservation, and creation of landscape intervention as key elements for site
development. Elements such as open pits, waste rocks and other scars remained in
place, and the designers responded to these existing conditions. The intent was not to
obscure the origins of the site’s history, but to allow the site to restore through ecological
succession and to provide social and ecological enhancement.

http://www.whitsundaytimes.com.
http://www.oceanagoldopenday.co.nz

http://www.odt.co.nz
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The AMD and Art Project merges art with acide mine drainage treatment. The goal of
the site design is to not only provide good science, but also engage the environmental
degradation and abandonment to bring an understanding of the problem and the
solution. Art and community engagement were vehicles used to achieve this success.
Similar to southern WV Coalfield sites, this project was located within a community that
was still deeply connected to the coal mining industry. One of the early stages of design
for the SEP site involved the engagement

of focus groups to have a deeper

understanding of community needs. The

design responds to cultural vernacular

and considers other placemaking and

artistic elements that celebrate the site’s

past while healing the scars for future

ecological and community successes.
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Summary

In summary, the restoration for the site blends ecological succession with new ecologies that simulate
natural systems responding to current site conditions and constraints. As the landscape heals,
sustainable energy and other building infrastructure are interjected into the site dynamic. These
elements not only consider ecology of the site, but respond to people and place. Figures 50 and 51
illustrate the time process of ecological succession and compare it on a time scale to the development
of the site.

The following steps summarize the reclamation envisioned for the SEP site outlined in this document:
1. Recognize the scars of the extractive operations through design.

2. Allow ecological succession to recover the former landscape, while interjecting new unpredictable
ecologies that respond to the scars of the former land-use.

3. ldentify complex relationships between organic, mineral, and social phenomena.

4. Use art and landscape architecture to create synergistic development.

grassland/|shrubland pine/mixed mature hardwood forest
weed species hardwood

Figure 50: Ecological Succession
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Figure 51: Development versus Ecological Succession
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While reflecting on the past scars of the landscape, a successional hierarchy that
bonds with community creates the energy to heal the landscape.
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To understand the community bond whose energy drives the healing process
forward, it is important to recognize the successional landscape and development,
while reflecting on the scars from former surface mining operations. The form of the
design responds to the orderly frames of development, interrupted by the chaos of
biological patterns. This is recognized through natural processes such as stormwater
movement and forest development that organically weave through the site. Green
infrastructure and open space areas heal the landscape and are linked through
pedestrian greenways, creating connections that bond people to place. Core areas
connect varying land uses and serve as spaces for reflection of historical landscape
patterns. The valley fill ponds reflect both pre-mining vegetative forest cover and new
orderly topographic tiers and linear streams from mining operations. These areas
are designed to be experienced from multiple levels, further referencing succession.
The reflective spaces can be intimately experienced at the base valley fill, explored
through the valley fill climb, provide a gateway at the development level or be viewed
from the freeway above. Understanding the landscape constraints associated with
former landuse is a necessary component towards successional landscape healing.
Community and ecology bond to create the energy to drive this process forward.

bond

http://energyfanatics.com

healing

http://www.snc.com
http://archive.constantcontact.com
http://officialbodyup.blogspot.

com

scars
successional

hierarchy

http://keithdotson.photoshelter.com
http://www.environmentalgraffiti.com

http://www.beholdingeye.com
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This area of the site is dominated by industrial
land use. The entry is lined with solar fields,
while biomass plantings fill undevelopable areas
between buildings and wind turbines occupy
rooftops. A commanding sculptural element
signifies the location of the larger biomass
planting field and can be seen from multiple
locations throughout the site. The heritage park
for historical reflection overlooks the valley fill
areas. Along linear central green provides social
and recreational space.
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Figure 56: Heritage Park: a historical reflection experience.

It is important that the reclamation
process strive not to obscure the extractive
industry, but use the past setting as
precedent for the ecological development
of the future (Barnett 2008). In order to
respond to this past, a heritage park is
proposed for the site. The park is centrally
located and can be seen from the freeway
above, experienced from its central core
hub or explored from paths that wind
through the valley fill. The rigid form and
industrial architectural elements respond
to the harsh, extraction history of place.
The park overlooks the large extraction
pits. The water within the pits reflect the
surrounding original forest cover and
valley fill areas. This area also reflects the
shadow of the users exploring the space.
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Figure 57: Industrial Park: a linear green for recreation, relaxation and socialization.

A linear park is proposed along the spine of the industrial section of the development. A common
central green space is not only important to residential areas, but to industrial and commercial spaces
as well. Not only will the greenspace serve as a stormwater movement and filtration area, but will
become a greenway for pedestrian movement and gathering. This is an important elementin providing
healthy spaces for workers to socialize during break periods, while also providing a space to heal the
landscape and connect fragmented ecology.

Recycled materials of former mining and other industrial equipment provide a design language that
responds to the site’s former industrial use. Elements are intended to create an industrial feel, with
rigid lines and materials, while weaving an ecological ribbon of native plantings.
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Figure 58: Stormwater Park: restoring, educating and connecting people to nature.

Stormwater parks add value by building
ecological function into the landscape,
while managing the site’s stormwater and
providing passive recreational and social
space for the community. It is important
that these spaces provide a mutually
supportive habitat; considering people,
wildlife and plant communities. This
holistic approach to space inspires people
to experience nature while improving their
ecological literacy. These spaces respond
to low impact development practices,
using a swale and bioretention system to
cleanse and infiltrate stormwater. These
parks create spaces to engage people in
nature and social interaction with their
community. They serve as a link between
nature, science and art.
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Figure 59: Central Community Parks: a central gathering core.

Central community parks serve as important spaces for neighborhood gathering. Large open greens
serve similar functions as the stormwater parks, providing a space for stormwater to slow and be
cleansed. These parks are scattered throughout the interior residential and commercial neighborhoods.
The front porches of homes overlook the park space, while greenways link pedestrians throughout street
grid. Central greens are important for strong neighborhood social building. In addition to stormwater
infiltration, these areas may contain common play spaces, community gardens and neighborhood
gathering events.

86





Figure 60: Recreational Trail: a gateway for outdoor exploration.

This area serves as the recreational gateway for the SEP park. Adjacent to the valley neighborhood
below, it provides a link to the surrounding community. Steep slopes require switchback trails to access
the SEP site above. A variety of trails, marked with rock cairns guide users through many different

elements of the landscape. Seating areas for rest and reflection are distributed throughout the trail
system.
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Oak Species (Quercus spp)

historic climax species

http://www.statesymbolsusa.org

http://ernielb.blogspot.com

http://en.wikipedia.org

large tree

climax species
slow growing
wildlife food source

thick, durable bark
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Hickory Species (Carya spp)

historic climax species

ttp://www.oplin.org

http://s960.beta.photobucket.com

http://www.silysavg.com

large tree

climax species

slow growing

wildlife and human food source
vibrant yellow fall color

exfoliating bark





Red Maple (Acer rubrum)

historic climax species

http://www.fcps.edu

http://caquino.photoshelter.com

large tree
wetland and river floodplain habitat
wide speciation range and tolerance

wildlife food source

vibrant red fall color
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Autumn-olive (Elaeagnus umbellata)

Invasive species

http://wearemadeofdreamsandbones.blogspot.com

http://livingafield.com

http://people.cst.cmich.edu

deciduous shrub or small tree

height up to 10 feet

thorny

bronze and silvery spots on leaves and twigs
invasive species, indigenous to Asia

fruits heavily

fixes nitrogen, yielding aggressive growth
ability to grow in low pH 4.0

cutting and herbicides to eradicate

92





Cattails (Typha spp)

Invasive species

a reed plant
height ranges from 3 feet - 10 feet

aggressive growth habit, reproducing through
rhizomes

efficient nutrient uptake

hydric indicator

http://althealing101.blogspot.com

http://bioweb.uwlax.edu
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Crown Vetch (Coronilla varia)

Invasive species

http://odeliaivy.wordpress.com

http://www.scienceu.com

http://colorsofthegarden.blogspot.com

perennial herb

low growing creeper with lengths as long as
6 feet

aggressive growth on disturbed sites
invasive
soil stabilizer

pink/purple flowers throughout summer
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Birds-foot Trefoil (Lotus corniculatus )

invasive species

http://informedfarmers.com

http://www.minnesotawildflowers.info

http://nixahardware.com

perennial herbaceous plant

low growing, up to 6 inches

small yellow flowers that produce legumes
prefers sandy soil

typically used as a forage plant, grown with
grazing plants

some varieties are a good source of nectar
for insects

invasive plant
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Broomsedge bluestem (Andropogon virginicus)

invasive species

grass

height ranges from 3 feet - 4 feet
clumping growth

indicator of acidic soil conditions
typically found on disturbed sites
invasive and aggressive
orange-brown fall color

cotton-like fall blooms

http://njaes.rutgers.edu

http://njaes.rutgers.edu

http://www.hiltonpond.org

96





Willows (Salix spp)

hydric species

tree or shrub

height variation from 1 feet - 8 feet
hydric indicator

aggressive rhizomial growth

can be propagated with cuttings
bank stabilizer and erosion control

wildlife and habitat source

http://people.duke.edu

http://www.flickr.com

http://www.creativityforthesoul.com
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Sedges (Carex spp)

hydric species

98

http://www.illinoiswildflowers.info

http://www.sevenoaksnativenursery.com

http://libguides.aurora.edu

flowering graminoids

grow in thick tussocks

nearly 100 species

hydric indicator

spikelets of inconspicuous flowers

wildlife food and habitat source





Woolgrass (Scirpus cyperinus)

hydric species

sedge species

heights up to 6 feet

aggressive growth

shaggy brownish inflorescence
hydric indicator

wildlife food and habitat source

soil stabilization

http://www.colby-sawyer.edu

http://www.flickr.com

http://www.flickr.com
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Asters (Aster spp)

hydric species

http://fineartamerica.com

http://f1f11.blogspot.com

http://littermob.blogspot.com

perennial forb

aggressive growth

height ranges from 8 inches - 8 feet
important pollinator species

late summer/early fall long colorful blooms
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Black Locust (Robinia pseudoacacia)

successional species

http://www.fcps.edu

http://the3foragers.blogspot.com

http://www.fcps.edu

pioneer tree
height up to 100 feet
naturalized and somewhat invasive

ability to fix nitrogen from mycorrhiza fungus
root growth

wood used for fence posts

white flowers in late spring attract pollinators
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Trembling Aspen (Populus tremuloides)

successional species

102

http://www.art.com

http://www.sevenoaksnativenursery.com

https://lawyernursery.com

pioneer tree

spreads through rhizomial growth producing
numerous ramnets

photosynthetic white bark
columnar form

waving leaves

vibrant fall color

excellent wildlife food source





Grey Dogwood (Cornus racemosa)

successional species

http://www.whiteoaknursery.biz

http://www.all-creatures.org

http://www.uwgb.edu

pioneer shrub

aggressively grows through root suckering
root system is excellent for erosion control
wildlife food and habitat source

glossy red fall color

large showy white spring blooms
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Switch Grass (Panicum virgatum)

biomass species

104

http://stopsuckingatlife.wordpress.com

http://smithsonianscience.org

http://blog.speculist.com

perennial grass

aggressive rhizomial growth
clump forming

height ranges from 3 feet - 6 feet
finely textured seedheads

four season interest

golden fall color





Arundo Grass (Arundo spp)

biomass species

perennial grass
clump forming habit
height up to 12 feet

bronze seed heads

http://www.myclimatechangegarden.com

http://www.blackoliveeastnursery.ne

https://dnr.state.il.us
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Miscanthus (Miscanthus spp)

biomass species

perennial grass
clump forming habit
wind swept appearance

tolerant of many soil conditions

http://davisla.wordpress.com

http://www.diggingdog.com

http://www.agri-media.ca
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Executive Summary

Production of alternative energy on Appalachian mine-scarred lands has the potential to change the
economic and environmental landscape of small communities over a large region. Researchers at
West Virginia University (WVU) and Marshall University (MU) completed a joint effort with the United
States Environmental Protection Agency (USEPA) Region IIl to assist communities in identifying and
realizing opportunities for using mine-scarred lands as alternative energy production sites. Project
researchers refer to these sites as Sustainable Energy Parks (SEPs). The development of SEPs in
former coalfield communities can take advantage of existing energy and industrial transportation
infrastructure, large, contiguous tracts of land, a labor force that is familiar with processing natural
resources, and a location suitable for the production of a range of alternative energy resources.

Researchers created a framework by which communities, regional development authorities, state
agencies, and developers can evaluate sites, develop plans, and attract financing to convert former
surface mine sites into new opportunities for continued cash flow into the host communities. The
framework consists of a portfolio of candidate SEPs, a Prioritization Tool and Handbook to assist in
the evaluation of the identified sites. It also includes new sites of interest and a Comprehensive
Development Plan for a pilot SEP.

The research efforts produced an inventory of 612 mine-scarred land sites throughout West Virginia
that present viable options for the development of SEPs. The researchers identified a pilot site,
Indian Ridge, in McDowell County, West Virginia, and implemented assessment, planning, and
analysis for the development of a SEP on the former surface mined location.

The Federal Correction Institution (FCI) McDowell County site, located in southern West Virginia, has
approximately 224 acres that are suitable for the development of biomass crops. This site, once
planted and harvested, could produce approximately 1,344 tons per year of biofuel. This fuel could
then be sold on the market where it could net approximately $80,000 per year based on 2012 rates.
Planting and maintenance costs would impact this number. The biofuel could be used as a fuel
source to power the boilers at the nearby federal prison or could be used for pelletizing.

A Comprehensive Plan of the McDowell County site was produced. The plan includes a detailed Land
Use Master Plan for the implementation of a SEP. Researchers coordinated with the McDowell
County Economic Development Authority to develop these plans. The Comprehensive Plan includes
an evaluation of site specific environmental conditions of the former surface mine at FTP-McDowell
in McDowell County, West Virginia.

The concept and redevelopment plans of this McDowell County pilot SEP site were showcased at the
2012 West Virginia State Brownfields Conference at Glade Springs Resort in Beckley, West Virginia
on September 5, 2012. The stakeholder groups at the Showcase included local citizens and officials,
economic development agencies, adjacent property owners, coal company representatives,
renewable energy industry representatives, and potential investors. The SEP Pilot Site
Comprehensive Plan is under consideration for implementation by the site’s owner, McDowell County
Economic Development Authority.

The outputs and outcomes realized from this project aid in land and community revitalization efforts
in Appalachia’s coalfields and other historic mining regions in the United States. They help fulfill
goals of the USEPA Mine-Scarred Land Initiative to reduce greenhouse gas emissions, protect water
quality, restore land, and to clean up and revitalize brownfields. They also help to meet the economic
and energy development goals of the Appalachian Regional Commission.





Based on the 11,782 acres that meet all of the criteria established for switchgrass production within
the 612 candidate SEP sites identified, an average of 649 tons per year could be harvested with a
net worth of approximately $2,221,764 per year based on 2012 rates.

The McDowell County site has a wind resource potential of 4.6m/s at 80m. While this rating makes
the site nonviable for medium to high-speed turbines, the site may still be considered a candidate
dependent on the availability of turbines capable of utilizing low-speed wind. Additional research
would be needed to obtain a more site-specific measurement of the actual wind speed. If turbines
are placed on the site, the direct economic impacts of the facility will be small following construction.

The McDowell County site fares well when evaluated against EPA’s Re-Powering America’s Land
Initiative’s pre-screening site characteristics. The site receives more than 3.5 kwh/M2day of solar
insolation and much of the acreage is located less than one mile from a graded road. The site also
fares well with other screening characteristics such as load assessment. However, the site does not
fare well with regards to financial screening due to the lack of utility or other state-based incentives
for PV. Based on this research and the Prioritization Tool developed, of our 612 sites, we determined
that 109 sites had potential for biofuels development, 4 sites had potential for solar development,
and 1 site had the potential for wind development.





Chapter 1 - Project Description

Background

Small rural communities that depend on coal mining often wonder what will sustain their economies
after the coal is gone. There is no single answer, but one future industry for these communities may
be alternative energy production such as cellulose based ethanol and/or pelletized biofuels, wind,
geothermal, and/or solar power generation. These energy sources may never generate the amount
of revenues that come from coal mining, but they are more environmentally benign and provide a
steady source of needed revenue for communities. Researchers at West Virginia University (WVU) in
collaboration with Marshall University (MU) have utilized brownfields site research and technical
assistance to help these underserved coalfield communities realize opportunities for turning mine-
scarred lands into productive alternative energy sites which we call Sustainable Energy Parks (SEPSs).

On January 11, 2002, President George W. Bush signed into law the Small Business Liability Relief
and Brownfields Revitalization Act (H. Res 2869, 2002). This brownfields law expanded the definition
of brownfields to include mine-scarred lands, making these properties eligible for the benefits of the
United States Environmental Protection Agency (USEPA) Brownfields Program.

Mine-scarred lands are lands, associated waters, and surrounding watersheds where extraction,
beneficiation, or processing of ores and minerals (including coal) has occurred. Abandoned mining
sites composed of hard rock and coal mines across the United States are located on both public and
private land and involve complex economic, social, and environmental issues. Mine-scarred lands
have become a persistent problem in many communities due to the economic and environmental
challenges of cleaning up and reusing them. The impacts of economic distress are felt by many
former mining communities as they transition from an extraction industry to new enterprises. There
is often limited infrastructure or land suitable for development. In addition, the blighting influence of
mine-scarred lands may deter new investment.

Abandoned mine lands are often located in economically depressed areas with communities that
once thrived during the mining booms but how comprise very few residents or opportunities. These
areas are in need of new economic opportunities to replace the jobs once provided by the mining
industry. The issues related to formerly mined sites make it difficult for communities to attract
industry or tourism. Mined sites often have sparse or scrubby vegetation, stagnant or polluted water,
and debris. The appearance of mined sites can depress land value, detracting from the tax base
(Abandoned Mine Reclamation Clearinghouse, 2012).

Acid Mine Drainage (AMD) occurs when water comes in contact with mining wastes during and after
operations. The resulting acidic water seeps through and flows out of abandoned mines long after
they are closed. AMD often discharges directly into streams, killing vegetation, degrading aquatic
ecosystems, threatening fish and wildlife, and posing a threat to public water supplies. Stockpiled
waste rock and tailings pose a serious threat to the health of ecosystems. Wastes from mining
operations are left behind in large “gob” piles, or waste dumps, and often contribute to metal loading
in streams and rivers. Stored chemicals and leaking containers left behind when mines close often
pose additional dangers at these sites. Containers can be damaged or corroded, exposing dangerous
contents. Open shafts, rotting support structures, equipment, and open pits found at abandoned
mine sites pose a health and safety threat to local residents.

Post-mining lands are typically graded, soil replaced, and seeded with cool season grasses. Without
regular management a natural succession of shrubs, trees, and scrub vegetation invade and become





established. Planning and management of these lands will be necessary in establishing SEPs. In this
study, the economic viability of growing biofuels and implementing other energy sources including
wind, solar, and geothermal energy are considered in conjunction with mine land location, terrain,
transportation, local work force, and other factors.

Production of alternative energy on Appalachian mine-scarred lands has the potential to change the
economic and environmental landscape of small communities over a large region. The research
team created a framework to evaluate former surface mines sites in West Virginia to illustrate the
development of comprehensive plans, and showcase the potential of converting former surface coal
mines into sustainable green energy industries. These research project components serve to attract
project financing, economic development and an alternative source of revenue to the communities
from which these energy resources are being extracted. The framework can be used by communities,
regional development authorities, state agencies, and developers to explore the feasibility of reusing
mine-scarred lands for alternative energy sources.

Project Location

Appalachia is an approximately 200,000 square mile region that follows the spine of the
Appalachian Mountains from southern New York to northern Mississippi. It includes all of West
Virginia and parts of 12 other states: Alabama, Georgia, Kentucky, Maryland, Mississippi, New York,
North Carolina, Ohio, Pennsylvania, South Carolina, Tennessee, and Virginia. Historically, the poverty
rate in the Appalachian region is higher than that of the rest of the nation. In 2000, the Appalachian
and West Virginia poverty rates were 110% and 144% that of the nation, respectively. West Virginia’'s
poverty rate was the second highest among all thirteen states in the region. About 23 million people
live in the 410 counties of the Appalachian Region, including all 55 counties of West Virginia
(Appalachian Regional Commission, n.d.). The population of West Virginia is approximately 1.8
million with a population density of approximately 75 people per square mile. In many areas of the
state, population densities of less than 10 people per square mile exist. Forty-two percent of the
region’s population lives in rural communities, compared with 20 percent of the national population.
The region’s economic fortunes have historically been connected to the extraction of natural
resources and manufacturing. While coal mining remains an important industry in the West Virginia
economy, it is no longer the major provider of jobs it once was (U.S. Census, 2013).

In addition, recent research has indicated that residents in West Virginia coal communities are
suffering the legacy of past economic activity. Project researchers have found that residents in
coalfield counties face a greater risk of early death and of suffering from heart, lung, and kidney
disease. These studies took into account age, obesity, smoking, and diet and still found coal-
producing counties with higher rates of death and disease (Hendryx, 2009).

Unlike all other regions of the United States, current and persistent economic distress within the
central Appalachian region has been associated with employment in the mining industry, particularly
coal mining. In terms of the relationship between mining and distress in central Appalachia, it is
perhaps most useful to understand this relationship in the context of the changing nature of
employment in the coal mining industry over time. In the past, many central Appalachian
communities were largely dependent upon coal mining for income and employment. In some
instances, employment in mining offered relatively high wages, though boom and bust cycles often
affected the dependability of jobs within the industry. Employment in mining throughout much of
central Appalachia was often marked by uncertainty, as mines would open and close or layoff large
numbers of workers in relation to national and global trends in energy costs and needs, as well as in
relation to increasing mechanization within the mining industry itself. In short, low levels of
employment in manufacturing and professional services, along with a somewhat continued





dependency on the relatively few coal mining jobs in the region, have led to central Appalachian
counties remaining distressed.

The impact of bringing the energy production and processing industry back to coalfield communities
would be significant. Coalfield communities have suffered greatly from the loss of the major, and
sometimes only, employer in their area. The development of SEPs in former coalfield communities
can take advantage of infrastructure associated with existing energy and industrial transportation,
large contiguous tracts of land, and a labor force that is familiar with processing natural resources.
According to some estimates, renewable energy sources generate four times as many new jobs per
megawatt of installed capacity as natural gas and 40% more jobs per dollar invested than coal. Thus
the job development opportunities in these areas are potentially substantial (Appalachian Regional
Commission, 2006).

Alternative Energy Types Defined

Biofuels

Biofuels can be utilized by co-firing in boilers with coal, pelletizing for direct combustion, or converted
into liquid fuels using three basic pathways: Corn-based ethanol, oilseed-based biodiesel, or
cellulosic ethanol made from wood waste or switchgrass. Both corn-based ethanol and oilseed-
based biodiesel compete with food production and prime agricultural land. Corn-based ethanol
consumed 20% of U.S. corn production last year to produce five billion gallons, or 1%, of U.S.
petroleum consumption. If 100% of the U.S. corn crop were used for ethanol it would only replace 7%
of our petroleum consumption. This process drives up the price of food, particularly corn-fed meat
sources. It is becoming clear that for biofuels to be sustainable, we need to examine other
alternatives.

Switchgrass has many advantages for either solid or liquid biofuel production, including: 1) It
tolerates poor soils and drought; and 2) It is a perennial that regrows from the roots after harvesting.
Moreover, switchgrass plantations can be established in a much shorter time period and at less cost
than forests. Unlike corn-based ethanol, switchgrass ethanol returns 5.5 times more energy than is
input into the process. The large root system of switchgrass also provides a high evapotranspiration
rate, facilitating infiltration of precipitation and potentially reducing polluted runoff when planted on
mined land. It is established using conventional planting techniques and harvested with common
farm baling equipment. In addition, switchgrass produces more biomass than other grasses and
provides enhanced wildlife habitat for species such as deer, turkey, and songbirds.

West Virginia has many advantages for growing switchgrass for biofuel. The state is close to major
markets and has abundant water supplies for ethanol processing. West Virginia receives abundant
rainfall and has a long, warm growing season. The state receives an average rainfall of 45-55 inches
per year, which is much higher than many mid-western states that might receive 15-30 inches per
year.

Large, contiguous blocks of land are most attractive for biomass production. West Virginia has large
blocks of abandoned and active mined land, approximately 500,000 acres, potentially available for
switchgrass production. For example, a surface mine site in Logan County is about 12,000 acres (19
mi2) and another surface mine site in Boone County is about 8,000 acres (12 mi2). Many other
mines are between 3,000 and 5,000 acres. A significant portion of those mines have existing road
networks and terrain characteristics that would be suitable for switchgrass cultivation. A switchgrass
pelletizing and cellulosic ethanol production industry can provide a vibrant economy for local
communities in decline post-mining.





In addition to the mine-scarred land, other associated brownfield sites include adjacent coal cleaning
plants and loading facilities. These sites are often along major transportation corridors such as
rivers, highways and railways. Transportation of ethanol by pipeline is difficult; therefore truck, rail,
and barge will most likely be used if the material is moved off site.

Wind

Wind energy is captured by wind turbines with propeller-like blades mounted on a tower. The force of
the wind causes the rotor to spin and the turning shaft spins a turbine to generate electricity. Wind
technology is scalable; based on site conditions, different turbine designs can be used to meet
different electricity needs. Utility scale projects use large turbines at the megawatt (MW) or multi-MW
scale on sites with the greatest wind resource and acreage availability. Electricity generated is
typically exported to the grid.

Solar

Solar power converts sunlight into electricity. Utility-scale solar energy projects require access to
large, open sites. The size of many of the former surface mined land in Appalachia would allow for
large solar arrays to be developed at a single property.

Geothermal

Geothermal energy technologies use the heat of the earth for direct-use applications, geothermal
heat pumps, and electrical power production. In October 2010, an analysis by Southern Methodist
University (SMU), funded by grants from Google.org, found West Virginia’s geothermal generation
potential to be the greatest in the East Coast at 18,890 megawatts (Blackwell, et al., 2011).





Chapter 2 - Project Purpose

Objective

The primary objective of this project is to create a framework for developing Sustainable Energy Park
(SEP) opportunities on former mined lands in Appalachia that can be transferred to other
communities facing similar challenges posed by mine-scarred land redevelopment. Consideration
has been given to the potential of alternative energy generation including biomass, wind, solar and
geothermal production.

Using the SEP framework, researchers identified mine-scarred lands in Appalachia suitable for
redevelopment into alternative energy production sites that would:

e Generate local economic growth,

e decrease or offset greenhouse gases through carbon sequestration, and

e promote the development of renewable energy technologies.

Tasks

Eleven specific objectives, stated in terms of tasks, were identified to complete this project and are
listed below.

Identify large tracts of potentially usable mine-scarred land.
Develop site selection criteria.

Develop a Portfolio of Candidate SEPs.

Develop a site Prioritization Tool.

Perform site specific market studies.

Develop and release a Request for Proposals.

Engage, educate, and train communities.

Review proposals and select one community.

. Develop Comprehensive Development Plan.

10. Showcase a Pilot SEP Project.

11. Project management.
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Deliverables

Portfolio of Candidate SEPs: Tasks 1-3

The identification of large tracts of mine lands (Task 1), including evaluating the characteristics of
those tracts was utilized to develop a potential SEP site selection criteria. The site section criteria
(Task 2) were used to develop an Inventory of Potential SEP sites in West Virginia (Task 3).

Prioritization Tool and Handbook: Tasks 3- 5

Researchers developed a site selection criteria matrix, the Prioritization Tool, in which production
estimates of biofuels, wind turbines, and solar panels on mined lands can be calculated. A
Prioritization Tool Handbook was also developed to assist interested communities and investors in
evaluating potential SEP sites for alternative energy development.

Selection of a Pilot Sustainable Energy Park Site and Education of Coalfield Stakeholders: Tasks 6-8
A Request for Proposals (RFP) was developed to identify and competitively select an appropriate
candidate site for a pilot SEP. As a part of this process, various stakeholder groups were identified
and informed about SEPs and the opportunities they present.

Comprehensive Development Plan for the Indian Ridge Site in McDowell County, WV: Tasks 5, 7, 9
Community meetings, site analysis, and an evaluation of alternative energy markets were utilized to
create a Comprehensive Development Plan for the competitively selected SEP pilot site in McDowell
County West Virginia.






Sustainable Energy Park Showcase: Task 10

The Sustainable Energy Park Showcase Event was held on September 5, 2012 at Glade Springs
Resort and Conference Center in Beckley, West Virginia. Titled the “Renewable Energy Showcase,” it
was a major component of the 2012 West Virginia Brownfields Conference with over 175
participants.

EPA’s Strategic Objectives

The outcomes realized from this proposed project fulfill goals of the Mine-scarred Land Initiative and
aid in land and community revitalization. Specifically, this project benefits several areas of EPA’s
strategic plan, including:

1. Objective 1.5: Reduce Greenhouse Gas Emissions by providing new renewable energy
supplies and carbon sequestration on contaminated lands that promote both land reuse and
energy diversity. The framework set forth in this project can also help to increase long term
regional, national, and global environmental stewardship by decreasing or offsetting
greenhouse gases.

2. Objective 2.2: Protect Water Quality, Sub-objective 2.2.1: Improve Water Quality on a
Watershed Basis by reclaiming and restoring mine lands and reducing acid mine runoff.
Over 5,000 stream miles in EPA Region Il are impacted by acid mine runoff.

3. Objective 3.2: Restore Land, Sub-objective 3.2.2 Clean Up and Revitalize Contaminated
Land by reclaiming and reusing abandoned coal mine sites in EPA Region lll in a sustainable
manner that produces clean, renewable energy and stimulates the local economy.

4. Objective 4.2: Communities, Sub-objective 4.2.3, Assess and Cleanup Brownfields by
reclaiming and reusing abandoned coal mine sites in EPA Region Il in a sustainable manner
that produces clean, renewable energy and stimulates the local economy.

In addition to EPA’s strategic plan, this project directly benefits EPA’s priority for Clean Energy and
Climate Change, specifically the Office of Solid Waste and Emergency Response Climate Change and
Contaminated Lands workgroup strategy by siting renewable energy facilities as a beneficial reuse
on contaminated lands.

Appalachian Regional Commission Strategic Objectives
This project meets the following strategic objectives for economic and energy development of the
Appalachian Regional Commission:

1. Promote energy efficiency in Appalachia to enhance the Region’'s economic
competitiveness.

2. Increase the use of renewable energy resources, especially biomass, in Appalachia to
produce alternative transportation fuels, electricity, and heat.

Performance Measurements: Outcomes and Outputs

Outcomes
1. The reduction of sediment and mine drainage due to the substantial root system of
biofuel crops. This would reduce the cost of water treatment in affected watersheds.

Actual on-the-ground planting of biomass is not an objective of this study; however based
on known characteristics of biomass root systems, such as size and absorption rates,
plantings can be evaluated and calculations made to determine mine site sedimentation
and AMD reduction in accordance with site conditions.





2.

Measurable carbon sequestration:

Actual on-the-ground planting of biomass is not an objective of this study; however
carbon sequestration based on actual biomass plantings can be determined through
intensive soil sampling and measurement of biomass crop growth rates.

3. Number of acres of mine-scarred lands feasible for productive reuse: 295,632 acre total
for 612 Candidate SEP sites in West Virginia

4. Number of West Virginia County Extension Agents trained on the use of switchgrass as a
biofuel on mine-scarred lands in WV: 5
While West Virginia County Extension Agents are a good resource to share information
about the SEP Project within their geographic area, the infrastructure of the extension
service and the primary duties of the agents did not prove conducive as a training
“target” for biomass production. Five agents showed an interest based on their individual
backgrounds in advocating biomass production on mine scarred lands as a post mine
land use option. Economic Development Authorities in West Virginia have proven to be a
better cooperating agency.

5. Number of communities engaged in renewable energy production that have historically
been coalfield producing communities: 2; McDowell and Grant Counties, West Virginia

6. Number of sites with Phase 1 assessments: 1 project was identified for the purposes of
this project; Indian Ridge, McDowell County site

7. Number of sites listed in the inventory: 612 Candidate SEP sites

8. Number of community meetings held: 15

9. Number of briefings with Economic Development Authorities: 6

Outputs

1. Quarterly progress reports: 13

2. Quarterly financial reports: 13

3. Final Project Report: 1-Pending

4. Site selection criteria: 30+

5. Inventory of Candidate SEPs: 612

6. Prioritization Tool: 1

7. Request for Proposals: 1

8. Proposals Received: 2

9. Proposal Development Training Workshops: 2





10. Development Plan: 1

11. Business plan: 1

12. Investment plan: 1

13. Marketing plan: 1

14. Comprehensive Development Plan: 1

15. WVU County Extension Agents Training Workshop: 1

16. Dissemination Products: 6
0 Brochure recipients: ~700
0 Events at which project factsheet was distributed: 10
0 Project webpage: 1

17. Events held to showcase pilot SEP project: 3





Chapter 3 - Methods and Results

The researchers completed project tasks through literature review, Geographic Information System
(GIS) analysis, stakeholder engagement, economic and environmental analyses, review of
sustainable energy technologies and markets, and solicitation of community input.

Site Identification Process

The site selection for this project was completed through a careful step-by-step process. The
research team started with over 15,000 sites identified from GIS analysis and West Virginia
Department of Environmental Protection (WVDEP) permit data. The initial total number was reduced
through multiple steps using different levels of GIS analysis and decision-making. The team
eventually reduced this number to 612 Candidate Sustainable Energy Park (SEP) sites through site
characteristic GIS analysis. Beyond the research team’s site characteristic analysis, then evaluated
were the 612 sites using established United States Environmental Agency (USEPA)/National
Renewable Energy Laboratory (NREL) screening documents to determine the viability of each energy
type per site.

Mining Dataset Creation and Initial Analysis
The first step in determining our potential SEP sites involved creating a geospatial database of
approximately 15,000 active and inactive permitted mine sites and abandoned mine lands from GIS
files obtained from the WVDEP. Once these sites were imported in the first iteration of the GIS spatial
analysis platform using the Environmental Systems Research Institute’s (ESRI) ArcGIS® software,
the GIS files were manipulated to create a single dataset with all aforementioned sites. To arrive at
the initial single dataset that could be used in further GIS analysis, these steps were completed:
e Underground mines from active and inactive permitted mine sites were extracted and
removed
e Surface mine sites were identified and saved for future GIS analysis
e Permitted mine GIS file was merged with the abandoned mine land GIS files, while retaining
borders of all sites
e Adjacent tracts of mine land (<100m distance) were combined regardless of operator
ownership with ArcGIS® generalization tool
e All associated data in GIS tables was transferred and maintained with the site boundaries

Mine Lands Evaluated

For the initial evaluation of mine lands, aggregated sites comprised of 5,000 or more acres with less
than 15% slope were identified. For this preliminary evaluation, 11 sites met these criteria and were
ranked by size. A wind class dataset (50 meters above ground) from the NREL was added to the GIS.
The wind industry divides wind resources into seven classes, ranging from poor (Class 1) to superb
(Class 7). Wind farms are typically sited where the resource is Class 3 through 7 (U.S. Department of
Energy, 2008). Figure 1 depicts the top 11 sites, showing wind class, aggregated parcels with at
least 5000 acres <15% slope, abandoned and permitted mine boundaries, and bond forfeiture sites.
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Figure 1. Map depicting preliminary top 11 aggregated surface mine sites.

As the project continued, updated shapefiles from the National Land Cover Database were included.
As it was realized that slopes greater than 5% were simply not feasible for the planting and
harvesting of biofuels, elevation shapefiles were reclassified to further define the locations of
potential SEP sites. Slope elevations were re-categorized as: <1%, <2%, <3%, <4%, <5%, and >5% for
the entire state of West Virginia. The majority of the state is greater than 5% slope, so only slopes
less than and including 5% are shown in color on the map. This further analysis revealed eight large
tract land sites which were identified and labeled according to the coal mining operation that held
most of the permits in the general area (Figure 2).
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Figure 2. Selected large tract mine sites with 0-5% slope.

Each of the eight identified sites (Jacks Branch, Elk Run, Mountain View, Independence, ICG, Hobet,
Coal-Mac, and Alex) contain smaller mined areas, all within varying stages of the mining and
reclamation process. Collected information was reorganized as it related to these permit areas and
from running a Master Cost Spreadsheet, developed as a component of this project, for a complete
analysis. Factoring in distance to utilities and current infrastructures, along with the specific permit
status information, is valuable to the market analysis portion of the project. A land cover layer has
been added to show mined areas in relation to their current land uses (Figures 3 through 10).
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Figure 3. Land use cover for the International Coal Group (ICG) site, Mingo County, West Virginia.
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Figure 4. Land use cover for the Jacks Branch site, Kanawha County, West Virginia.
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Figure 5. Land use cover for the EIk Run site, Boone County, West Virginia.
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Figure 6. Land use cover for the Mountain View site, Boone County, West Virginia.
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Figure 7. Land use cover for the Independence site, Logan and Boone Counties, West Virginia.
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Figure 8. Land use cover for the Hobet site, Boone County, West Virginia.
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Figure 9. Land use cover for the Coal-Mac site, Mingo and Logan Counties, West Virginia.
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Figure 10. Land use cover for the Alex site, Clay and Nicholas Counties, West Virginia.
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As evident in the above figures, several large tracts were identified which contain a large area of
“barren land.” Additionally, these sites often contain multiple mine permitted tracts.

The initial ranking was useful in realizing that there were often contiguous mined areas consisting of
multiple permits in various stages of the permitting process (i.e. reclaimed, current mining, etc.).
However, as the project further developed, the data source methodology was further refined to
determine and ultimately rank the 612 possible SEP sites in West Virginia.

Additional features to the GIS platform included property boundaries and the Trans Allegheny
Interstate Line (TrAlL) transmission path for use with the site ultimately selected for the pilot study.
The site selection methodology was also reconfigured to more accurately account for mining
disturbed areas greater than 100 acres.

Data layers from the National Agriculture Imagery Program (NAIP) Aerial Photography were utilized to
derive high resolution land cover (Figure 11). This updated land cover data set provides a more
recent account of existing land cover than layers that had been wused previously.
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Figure 11. Aerial imagery (left) and high resolution land cover (right) of Raleigh County, West Virginia.
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The resultant high resolution land cover layers were further enhanced by adding in digitized layers of
the West Virginia Southern Coalfields (Figure 12).

Southern Coal Fields of West Virginia
2009 Land Use/Land Cover

Base imagery 2008 AP Omcpnatograchy

Figure 12. Digitized southern West Virginia coalfields.

These digitized layers provide valuable, detailed information regarding the land cover available for
possible biofuels production and other sustainable energy possibilities on formerly mined lands.
Additionally, Light Detection and Ranging (LiDAR) technology that was not available in 2008 has
recently become available for many parts of West Virginia. This data can be utilized for site specific

terrain modeling, Site specific LiDAR is shown in Figure 13.

Figure 13. LiDAR images used to create terrain models.
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Preliminary Site Surveys

In order to accurately verify the data that was gathered from the GIS portion of this project, it was
necessary to travel to some of the potential SEP sites to ground-truth for purposes of accuracy.
Based on the preliminary ranking of mine lands, a site visit was made to Logan County, West Virginia,
to the Coal-Mac site owned by the Arch Coal Company. Project team members traveled to the site
and verified the various features, landforms, and infrastructures revealed from the GIS mapping. On
this trip, team members met with mine personnel, collected soil samples, took photographs of the
various features, and collected coordinates for potential wind turbine locations. The results of the
trip were that most of the information gathered during the initial GIS portion of the project proved to
be accurate. The areas where mining was currently being performed were not as accurate, which can
be attributed to the constant mining process. Photographs were taken while on site and are
accompanied by a brief description (Figures 14 through 16). Although these preliminary eleven sites
were later revised into the more detailed ranking through the data source methodology, the site visit
proved beneficial to researchers for ground-truthing information provided by the GIS outputs.

Figure 14. Reclaimed mine area suitable for biofuel production at the Coal-Mac site in Logan
County, West Virginia.
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Figure 15. Portion of the Coal-Mac site in Logan County, West Virginia that is currently undergoing
mining.
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Figure 1. Platau area in reclaimed portion f the Coal-Mac site in Lgan County, West Virginia.
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Researchers contacted land managers to gain access to selected sites in southern West Virginia.
Project researchers conducted site visits to the top selected sites (Figure 17), listed below:

Samples Mine - Catenary Coal (Raleigh Co.)

Phoenix 1 - Coal-Mac (Mingo Co.)

Phoenix 2 - Coal-Mac (Mingo Co.)

Phoenix 3 - Coal-Mac (Mingo Co.)

Phoenix 4 - Coal-Mac (Mingo Co.)

Hobet (Lincoln Co.)

White Flame (Mingo Co.)

Noor®DME

=
Figure 17. Locations of selected surface mine sites in West Virginia.

In addition to verifying spatial analysis, the visit proved useful in determining the feasibility of
cultivating (planting and harvesting) switchgrass with conventional agricultural methods and
equipment. Site characteristics particular to switchgrass cultivation include: Land slope, contour, as
well as soil nutrient content and structure. Researchers assessed current site vegetation and access
issues, as well as whether topography was conducive to planting. Soil samples were collected and
characterized with respect to their physical and chemical properties with the intent to determine
costs of lime and/or fertilizer needed to produce maximum biomass on reclaimed surface mine
areas.

Specifically, researchers:

1. Observed and recorded site conditions;

2. Compared on-the-ground GPS coordinates with GPS coordinates in the data set to determine
how well they matched up, making any necessary corrections;

3. Took field measurements for slope;

4. Took photographs;

5. lIdentified areas that may be applicable for biofuels (i.e., switchgrass versus woody mass)
depending on site conditions such as slope, scrub brush, rock and soil conditions, wind,
solar, etc.; and

6. Collected soil samples.

The preliminary site visits proved useful in developing protocols for additional targeted site visits.
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Soil Sample Results

Preliminary soil samples were collected and analyzed to provide baseline data for mine soils in the
region. Mine soil samples were collected from three surface mine sites visited - Samples, Wildcat,
and Hobet (Table 1). The samples were analyzed by West Virginia University’s Soil Test Lab.
Analytical results are shown in Appendix A. The pH of the soil samples ranged from 5.9 - 8.1 s.u.
which is typical of southern West Virginia soils and an acceptable range for switchgrass
establishment. In addition, phosphorus, potassium, calcium, and magnesium levels were rated from
high to very high and considered sufficient for grass production without fertilizer addition. Direct soil
nitrogen analysis is not possible but nitrogen addition in the first year of switchgrass establishment is
discouraged because it encourages weed growth that competes with the switchgrass. The amount of
subsequent annual nitrogen addition is dependent upon the first year’'s production and the desired
yield goal.

Table 1. Mine site soil sample location descriptions.

Mine Site Soil Sample Location Descriptions
Sample Site: | W-1
Mine: Wildcat
A re-mining area with contour cuts and highwall mining. Sample area was
Site reclaimed 2 to 3 years ago with good to very good grass coverage.
Description: Penetration depth of 10 to 12 inches with mattock and shovel.
Slope: Approximately 2:1
Aspect: Westerly
Sample Site: | W-2
Mine: Wildcat
A re-mining area with contour cuts and highwall mining. Sample area was
Site reclaimed 2 to 3 years ago with good to very good grass coverage.
Description: Penetration depth of 10 to 12 inches with mattock and shovel.
Slope: Approximately 2:1
Aspect: Southerly
Sample Site: | S-1
Mine: Samples
A dragline spoil area which was reclaimed approximately 10 to 12 years
Site ago with good grass coverage and woody vegetation. Penetration depth
Description: of 6 to 8 inches in depth with mattock and shovel.
Slope: Approximately 4:1
Aspect: Northerly
Sample Site: | S-2
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Mine: Samples

A dragline spoil area which was reclaimed approximately 10 to 12 years
Site ago with good grass coverage and woody vegetation. Penetration depth of
Description: 6 to 8 inches in depth with mattock and shovel.
Slope: Approximately 6:1
Aspect: Southwesterly
Sample Site: | H-1
Mine: Hobet 21

A reclaimed contour mining area which was reclaimed over 20 years ago
Site with good grass coverage and trees 2 to 12 inches in diameter.
Description: Penetration depth of 10 to 12 inches with mattock and shovel.
Slope: Approximately 2:1
Aspect: Southerly
Sample Site: | H-2
Mine: Hobet 21

A reclaimed contour mining area which was reclaimed over 20 years ago
Site with good grass coverage and trees 2 to 12 inches in diameter.
Description: Penetration depth of 10 to 12 inches with mattock and shovel.
Slope: Approximately 3:1
Aspect: Northerly

Enhanced Site Selection Criteria and Analysis

The team identified a list of more than 30 site characteristics criteria that could be used to reduce
the number of candidate sites from the more than 15,000 sites identified. A subset of the 30+
characteristic criteria was used to reduce the total number to 612 Candidate SEP sites. Distances to
transmission lines, railroads, and highways were calculated using a standard GIS proximity tool, and
slope was calculated using standard GIS spatial analysis tools. Slope and land cover (Homer, 2007)
were each reclassified into major groupings (wetland, agricultural, grassland, shrub land, forest,
water, development, or barren land uses, and 0 - 14.99 degree and greater than 15 degree slope
classes). Zonal statistics were run on each land cover type and slope grouping, and percent of these
classes as well as maximum and mean slope within each mine aggregate were calculated. Acres of
each land use class and slope class were calculated using percentage of total acres of each
aggregated tract of land. A spreadsheet containing both aggregated parcels and individual permit
boundaries was developed.

The aggregated parcel dataset includes the following information for each aggregated tract of land:
Aggregate ID

Area (acres)

Distance to electric transmission lines, railroads, and major highways (miles)
Area of agricultural, barren, developed, forest, grassland, shrub land, water, or
wetland (acres)

Maximum and mean slope

e Area greater or less than/equal to 15 degrees slope (acres)
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The individual permit dataset includes:
e Aggregate ID (links data between the two data sets)
Shape ID
Type (permitted or abandoned)
Permit (for permitted sites) or Pad ID (for abandoned sites)
Facility name
Permittee
Operator

Criteria Descriptions

The following criteria descriptions are followed by the criteria used to determine site preferences.
Area of site (acres) - total area in acres of each surface mine; data from West Virginia Department of
Environmental Protection (WVDEP) Surface Mine Permit (perbd.shp) GIS file; larger sites preferred
Slope (%) - percentage of each surface mine that falls within each of these categories: 0%-5%, 5%-
10%, 10%-15%, 15%-20%, and >20%; derived from West Virginia Statewide Addressing and Mapping
Board (SAMB) 3-meter; larger %age of no or shallow slope preferred

Slope (m2) - area in square meters of each surface mine that falls within each of these categories:
0%-5%, 5%-10%, 10%-15%, 15%-20%, and >20%; derived from West Virginia SAMB 3-meter; larger
area of no or shallow slope preferred

Wetlands (acres) — acreage of wetland features within each surface mine; data derived from United
States Fish and Wildlife Service (USFandWS) National Wetlands Inventory; smaller acreage of
wetlands preferred due to mitigation

Current Vegetation (competition) — area of forested, non-forested land cover within each surface
mine site; larger acreages of non-forested land preferred

Streams, distance to closest (meters) — Euclidean (straight line) distance from each surface mine
site to closest hydrology features, which include lakes, ponds, reservoirs, and double line streams;
derived from 2003 West Virginia SAMB surface water features; smallest distances preferred
Abandoned mine land distance (meters) - Euclidean (straight line) distance in meters between
surface mine and closest abandoned mine land. Sites with a value of O are abandoned mine lands
within boundary of surface mine; derived from dataset compiled by the West Virginia Office of
Abandoned Mine Lands and Reclamation (AMLR) and WVDEP Surface Mine Permit (perbd.shp) GIS
file

Mine permit status - presence or absence of any type of current mine permit; data from WVDEP
Surface Mine Permit (perbd.shp) GIS file

Aspect, south facing (%) - percent of each surface mine that faces south (135-225 degrees); derived
from 2003 9-meter SAMB digital elevation model (DEM); surface mine sites with highest %age of
south facing aspect preferred

Highway, distance to (miles) - distance in miles from each surface mine site to nearest interstate on-
ramp; derived from West Virginia Department of Transportation (WVDOT) Major Roads GIS file and
WVDEP Surface Mine Permit (perbd.shp) GIS file; surface mine sites with least distance to nearest
highway on-ramp preferred.

Railways, distance to (miles) - Euclidean (straight line) distance from each surface mine site to
nearest intermodal (railroad) terminal; derived from using 9m Raster measurements

Town/city, distance to nearest (miles) — distance of each surface mine site to nearest towns, cities,
and incorporated places; derived from United States Census Roads file, United States Census
Populated Places file, and WVDEP Surface Mine Permit (perbd.shp) GIS file

Wind speed (class) - wind speed categories from 1 (poor) to 7 (superb); 2003 National Renewable
Energy Laboratory (NREL) data from TrueWind LLC; surface mine sites with highest wind speed class
preferred
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Power plants, distance to closest (Meters) — Euclidean distance in meters from each surface mine
site to closest power plant; derived from 2003 West Virginia Department of Energy powerplant
dataset; surface mine sites with shortest distance to power plants preferred

Powerlines, distance to closest (Meters) — Euclidean minimum distance in meters from each surface
mine site to closest transmission powerlines; derived from 2008 WVDNR Electricity Distribution
Infrastructure dataset; surface mine sites with shortest distance to powerlines preferred
Substations, distance to closest (Meters) - Euclidean distance in meters from each surface mine
site to closest power substation; derived from 2008 WVDNR Electricity Distribution Infrastructure
dataset; surface mine sites with shortest distance to substation preferred

Water supply, distance to closest (Meters) — Euclidean distance in meters from each surface mine
site to closest municipal water supply; derived from various Natural Resource Analysis Center (NRAC)
files; surface mine sites with shortest distance to municipal water supplies preferred

Data Source Methodology

To ensure that all potentially applicable layers had been acquired, a “data source methodology”
spreadsheet was developed. This spreadsheet contains: Factors, Importance, Source, Methodology,
Completion, Biomass, Wind, Solar, Geothermal, Data Available, Data Source, Dataset, Source Date,
Available Date, Resolution, and Notes. These column headers provide the organizational structure
necessary to identify all layers acquired and needed as well as the ability to rank the importance of
the layers. Researchers collectively and objectively determined which layers were of the most
importance, e.g., a paved road within a mile weighs more heavily on site selection than having a
pelletizing facility within 50 miles. This is not saying that the proximity of the pelletizing station is not
important but that if a paved road is not close to the site, the ability to access the site for
construction of wind turbines, hauling of harvested switch grass, etc. could render the site
unsuitable, regardless of whether or not a pelletizing facility is nearby. Limiting factors were
identified and ranked. This data source methodology is available in Appendix B.

General Data Layers
General data layers were further evaluated on a site-specific basis for alternative energy production
potential focusing on the statewide coalfields region. Statewide data layers include basic
infrastructure needs such as ground transportation (roads, railroads), power transmission lines,
water resources, etc. Statewide layers include:
e Elevation and elevation-related derivatives (detailed 9m cell size)

0 Aspect

0 Moisture index

o Slope

0 Concavity/convexity

0 Other landforms (coves, ridges)
Rainfall (annual, monthly, extremes)
Wind potential
Roads
Railroads
Transmission lines (existing)
Water resources
Political/administrative boundaries
Recent land cover, coalfields regions only (derived from 2009 United States Department
of Agriculture (USDA) Inventory Program (Imagery - Aerial 1-m color Orthophotos NAIP,
2009).
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Community-level and Site-specific Data Layers

Utilizing a more detailed map layer, more specific evaluation and characterization of a limited
number of target sites were performed at the community-level. Site-level data layers include:

Mine permit boundaries

Mine permit features, where available (haul roads, etc)

Parcel ownership, where available

Existing structures

Site-level infrastructure

Site-level terrain analysis (utilizing NRAC/WVDEP detailed Light Detection and Ranging
(LiDAR) mapping results for coalfields regions)

Site Selection to GIS Visualization
Modeling schematics were used to assist in the determination of data flow from the site selection
criteria spreadsheet into an ArcGIS® format. Once the permit data has been run through the Excel®
Site Criteria Spreadsheet, the output SEPs identified can be put back into the ArcGIS® for
visualization purposes (Figure 18).

*Run Export SEP
Export permit Excel Site spreadsheet Summary
data from Criteria to determine from Excel® to
ArcGIS® SUEECREE possible site ArcGISe® for
locations for visualization
SEPs

Figure 18. SEP data flow schematic.

Existing Infrastructure
Existing infrastructure for the 612 sites has been evaluated using the GIS data for this project. GIS
shapefiles were used to visualize existing infrastructure (Figure 19).
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Figure 19. Potential SEPs locations in relationship to existing infrastructure in West Virginia.
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Layers from West Virginia Water Research Institute were uploaded to the GIS server and include:
airports;

electric substations;

power plants;

Appalachian Development Highway (Corridor H);

powerlines;

railroad networks; and

potential SEP sites.

NoOORr®DNE

Additionally, GIS layers were pulled into the map from other agency GIS servers (this allows for the
project map to be updated whenever other agencies update information on their GIS server). These
additional layers include:

West Virginia mine permit boundaries;

United States Solar Energy development facilities;

solar energy potential;

National Oceanic and Atmospheric Administration (NOAA) current wind speed and direction;
Solar Programmatic Environmental Impact Statement (PEIS);

United States Median net worth;

United States Median household income; and

United States population density.

NGO R®WNE

Interactive capabilities are demonstrated in Figure 20, as users are able to select map features for
additional information.
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Figure 20. A zoomed- Tﬁ view of the interactive map which depicts the additional information.
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The approximate route of the proposed TrAil transmission line was also digitized (Figure 21).

Figure 21. Proposed TrAlL transmission line.

The following variables were used for each of the categories:

Structures (STRUCT)
This is the number of structures identified in the 2003 SAMB dataset and are listed as points within
the property boundary (West Virginia Statewide Addressing and Mapping Board, 2003).

According to the database, approximately 46.5% of the sites have some type of structure on site. The
number of structures range from 1-126. Further field verification of the structures would need to be
performed to determine if the buildings meet the size and amenities required for a SEP or if partial
and/or complete retrofits would need to be made.

Power Supply (TRAN_LINES)
This is the Euclidean distance in meters from electrical transmission Lines to the property. This data
was gathered from the West Virginia Division of Natural Resources (WVDNR, 2008).

According to the database, approximately 69% of the sites have transmission lines close to the
properties. The average distance from those properties that have transmission lines nearby is 2,179
meters or 7,150 feet.

Existing Roads (Maj_int)

While there is no dataset for roads contained within the borders of these properties, there is a
dataset that gives the distances to the nearest major intersection or on-ramp.

Of the 612 sites, over 99% of them are within close proximity to a major road and/or intersection.
The average distance for these 612 sites is 14,995 meters or 9.3 miles.

Available Water (POPWATER)
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This is the Euclidean distance in meters from public water supplies to the site (WV Infrastructure and
Jobs Development Council, n.d.). According to the database approximately 79% of the sites are
within close proximity to public water supplies. The average distance for these 79% of sites is 1,836
meters or 1.1 miles.

Indicators were evaluated using best available GIS data sources and various GIS-based analysis
techniques. Some indicators could not be evaluated due to lack of statewide GIS data resources,
particularly site properties related to parcels and ownership. Other indicators were evaluated on a
statewide basis but were then reserved for more site-specific analyses. A complete listing of
indicators considered and data sources used (if applicable) is available in Appendix C.

GIS Model Development

A three-dimensional (3D Studio Max®) schematic with alternative energy elements, wind turbines
(three sizes/prototypes), solar Photo Voltaic (PV) panels, and vegetation forms for biomass, was
developed (Figure 22). Case studies of alternative energy installations - wind, solar, geothermal and
biomass - were investigated. Examples at multiple scales (utility, community, residential) were
collected. Site-specific infrastructure needs at each scale - power, water, transportation, structures,
utility needs, constructed components (footings/infrastructure) - and spatial requirements were
determined. Also determined were specific element dimensions for modeling.

Figure 22. Representation of 3D models incorporated into a visual presentation of a possible future
SEP.
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Land Ownership Considerations

West Virginia has a significant advantage in that private ownership of large tracts of land is under
coordinated control. This advantage is a basis for the development of one or more energy parks
using thousands of contiguous acres. As noted in the identification of potential SEP sites, a closer
look at the preliminary 11 sites revealed the sites were primarily controlled by land and coal
companies through existing leases. A small minority of sites reviewed were owned directly by the coal
company.

Land companies in West Virginia were formed to profit from natural resource extraction. These
companies are usually professionally staffed by those experienced in land management. Coal has
historically been the primary source of revenue for these companies. It is typical for these companies
to have multiple coal leaseholders for each property, depending on size of the tract and numbers of
coal seams. Additional leases for gas reserves and timber are common. The rights of the
leaseholders created by contract significantly encumber the landowner’s rights to the surface of the
property and often dictate the current and future use. The lease terms are typically multiple years
and often are extended by right based on the continued production of the targeted resource. Leases
include the right of the leaser to permit the site under state and federal guidelines. Leases also
influence the availability of the surface for alternative land uses.

Research into the surface ownership of the 11 selected sites confirms that most mining operations
are centered on a single or core property. In addition to that core tract, a significant number of
surface tracts (often in the hundreds) have been assembled, or their mineral rights reserved, and are
a part of the mine operation. Careful consideration should be given to the size and strategic location
of the core tract as it relates to the concept of an SEP.

There are many considerations by land company managers in regards to cooperating and/or leasing
surface rights under an SEP concept. They include the surface owner’s legal rights to lease for that
purpose, including encumbrances of any current lease term, current mine permitting regulations,
and future extraction opportunities.

WVDEP permit mapping was used as a base for this study. Consideration was given to current
permitting which can limit surface owners’ rights to develop the property for an alternative land use.
The sites determined as having priority for these purposes are active mining sites with active leases
and mining activity in several stages. These stages can be considered as 1) released from bond, 2)
active, and 3) future.

Figure 23 is provided as an example map. The pink areas on the map which represent “unreleased”
(bonded) areas under a state mine permit currently have limited surface development rights. These
rights are limited both by title and by state mine permitting regulations. The green areas on the maps
which represent “released” areas are free from restrictions of the mine permit and bond provided by
the mine operator. These areas are more likely available for surface development. Future mine areas
are not designated and may only be determined by cooperative discussions with the mine operator
or land owner.
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Figure 23. Example map depicting active (pink areas) versus bond-released (green areas) sites in
West Virginia.

An exercise was conducted to determine landowners for the preliminary 11 sites. County tax records
and personal contacts with large landowners were made. The predominant surface owner(s) were
established for each area. A summary of property owners for the eleven sites that were considered
can be found in Table 2.

Table 2. Summary of property owners of preliminary top 11 areas considered for SEPs.

Site ID | County(ies) Owner(s)
No.
5 Boone Southern Land Company and Federal Coal Company (St. Albans,

West Virginia); 1,700 acres (majority Southern Land Company);
Massey Energy-Laxare and Black Castle

13 Clay/Nicholas Demeter Land Company, PO Box 1867, Charleston, West Virginia
and Nicholas Clay Land and Mineral, 2720 Pennsylvania Ave.,
Charleston, WV 25302; Massey Energy

18 Kanawha/Fayette Boone East Development Company, PO Box 271, Julian, WV,
25529; approximately 30,000 acres (largest contiguous area
that is bond released); controlled by Massey Energy

20 Kanawha Shonk Land, 194 Summers Street, Charleston, WV and Penn
Virginia Coal Co. and Sidney Polan LLC, Charleston, WV (2,900
acres) and numerous others, including LaFollette, Robson
Prichard Trust (all mostly active except for Penn Virginia)
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33 Logan WPP LLC, 5260 Irwin Road, Huntington, WV 25705;
approximately 7,000 acres; Massey major leaseholder

42 Logan Ark Land Company, Allegheny Land Company, City Place One, St.
Louis, MO 63141; also United Affiliates Corporation, PO Box
1280 Glenway Avenue, Bristol, TN; 11,000 acrea; Patriot Coal,
leaseholder

66 Boone and Lincoln | Southern Land Company (2,500 acres) and Robin Land
Company, 500 Lee Street, Suite 900, Charleston, WV (500
acres); and additional 180 additional surface owners (this is the
Hobet 21 mine; controlled by Patriot Coal)

96 Mingo First Bank of Bluefield, PO Box 1559, Bluefield, WV 24701; own
2,288 acres. There are approximately 120 additional surface
owners (ICG, leaseholder)

98 Logan Cole and Crane Real Estate, 848 4t Avenue, Suite 303,
Huntington, WV 25701; multiple other surface owners

101 Logan Ark Land Company, a small amount is Pocahontas Land Company

177 Boone No predominate surface owner; approximately 240 total surface
owners

With the exception of Site ID No. 177 in Boone County, a predominant surface landowner has been
identified for each site. Most of these sites are professionally managed. In all areas, there are a
number of small surface landowners whose cooperation may or may not be important to a proposed
land use plan. In some areas the number of surface owners is very likely to present a challenge to
the opportunity for significant development.

The permitting phase of each mine is an important consideration to the opportunity for future
surface development. While land area is encumbered by a mine permit, there is very limited
opportunity even for access to the property due to liability and safety considerations by the permit
holder. Once the WVDEP releases the bond, the property’s surface land is available for development
under more general development regulations such as county planning and zoning, stormwater
management, and state historic preservation regulations, among others.

Land managers of both Southern Land Company (Site ID Nos. 5 and 66) and Penn Virginia (Site ID
No. 20) have approved research team member access to their property. Approval from the land
companies’ Boards of Directors or upper management is necessary and can be pursued should
either of these sites draw interest for SEP development.

Site ID No. 18 has the largest acreage of reclaimed land. Another benefit is that the majority of its
surface land is controlled or owned by one landowner or leaseholder which, in this case, is the
Massey Energy Company (since purchased by Alpha Natural Resources).

|n

This exercise was valuable in determining some “real” world considerations for the site selection
criteria. These include:

1. Willingness of surface landowners/leaseholders to consider SEP concept;

2. Large surface land area in relation to few landowners/leaseholders;

3. Surface land not encumbered by future mining or gas well drilling, or already subject to post-
mining surface plans;
Access/proximity to power plants/power grid;
Feasibility of locating small-scale power plants on site;
Pre-existing infrastructure that can be used to process/package/transport energy products;
Access to rail, major highways, barges;

NOo o s
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8. Potable water sources on site; and
9. Time passage since bond release (shorter passage of time equates to less nuisance
vegetation).
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Chapter 4 - Identification of Potential Sustainable Energy Park Locations

A Geographic Information Systems (GIS) database of potential Sustainable Energy Park (SEP)
locations within the state of West Virginia was developed. The final outcome was a listing of potential
SEP locations which includes a total of 612 sites with past or present surface mining activity and a
minimum size of 100 acres. Various factors related to site suitability were used to evaluate the
potential site locations for SEP development.

Figure 24 depicts the number of potential sites by county, based on a minimum size of 100 acres.

# of Sites by County
.
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B 2437
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Figure 24. Number of potential SEP sites per county in West Virginia, based on a minimum of 100
surface mined acres.

A site selection methodology was utilized to distinguish potential SEP sites based on simplifying
permit data and combining it with West Virginia Geological and Economic Survey (WVGES) mining
disturbance data. It was realized that possible sites were being overlooked based on the acreage,
e.g., if they were long, narrow tracts of disturbed land. To counteract the oddly shaped permit
boundaries and to more accurately project the possible size of land for a SEP, researchers developed
a site selection methodology. See Figure 25 for a flow chart diagram depicting the process of
developing simplified shapefiles.

37





WYVDEP Mine Permit Dissolve
Data Boundaries

- =

Multipartto Single
Part

7~ -

Buffer by -0.25 km

Buffer by 0.25 km

.

Z
-

Multipart to Single] ] Simplified Shapes as
Part J i Potential Sites

Figure 25. Methodology for simplifying mine features.

The resulting sites are areas larger than 100 acres of mine disturbance. Characteristics include both
pre- and post- Surface Mining Control and Reclamation Act (SMCRA) mine lands, regardless of
disturbance or land cover conditions. The site selection method produced 612 polygons statewide
with an area larger than 100 acres. Area statistics are provided in Table 3. The average size of the
sites is 474 acres. As depicted in Figure 26, the majority of these sites are smaller than 1,000 acres.
These are the sites that are being analyzed further for their potential as a SEP.

Table 3. Area statistics for resulting features or sites.

Number of Features 612
Minimum Area 100 Acres
Maximum Area 7,536 Acres

Total Area 289,670 Acres
Mean Area 474 Acres
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Figure 26. Histogram distribution of site acres.

Additionally, sites are summarized by county. For example, 32 sites intersect the boundary of
Preston County, totaling 5,632 acres, while a total of 55 sites intersect Mingo County, totaling
32,577 acres. A summary of the total area of all sites by county is shown in Figure 27. Strictly for
demonstration purposes, Figure 28 shows potential sites for Nicholas County and Figure 29 shows
the data at a larger scale near Morgantown, West Virginia.
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Figure 27. Total area of sites by county considered to be suitable for SEPs based on site selection
criteria.
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Figure 28. Potential SEP sites in Nicholas County, West Virginia.
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Figure 29. Example of potential sites near Morgantown, West Virginia.
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Portfolio of Candidate Sustainable Energy Park Sites

The evaluation of over 15,000 Surface Mine Control and Reclamation Act permits revealed 612
suitable sites. An excerpt of the 612 sites is shown below in Table 4. The full list of sites can be
found in Appendix D. Researchers used a matrix to rank the 612 sites based on their relative
“alternative energy score” for solar, wind, and biomass.

Table 4. Excerpt showing 300 of the 612 sites identified in the SEP portfolio.

Site ID | Acres County Site ID | Acres County Site ID | Acres County
of Site of Site of Site

Site 1 307 McDowell | Site 653.2 Wyoming | Site 200.3 Fayette
101 201

Site 2 837 McDowell | Site 1112.2 | Wyoming | Site 168.3 Logan
102 202

Site 3 118.2 McDowell | Site 151.5 Logan Site 158.1 Fayette
103 203

Site 4 338.5 McDowell | Site 524 Logan Site 184.8 Fayette
104 204

Site 5 395 McDowell | Site 872.6 Logan Site 151.4 Boone
105 205

Site 6 138.8 McDowell | Site 424.9 Logan Site 146.4 Boone
106 206

Site 7 978.6 McDowell | Site 124 Raleigh Site 100.8 Boone
107 207

Site 8 109.4 McDowell | Site 2064.1 | Mingo Site 417 Raleigh
108 208

Site 9 212 Mercer Site 105.6 Logan Site 809 Fayette
109 209

Site 10 | 153.1 McDowell | Site 134.1 Boone Site 136.8 Fayette
110 210

Site 11 | 895.2 McDowell | Site 134.1 Raleigh Site 193.1 Boone
111 211

Site 12 | 653.5 McDowell | Site 2056.1 | Logan Site 134 Mingo
112 212

Site 13 | 288.1 McDowell | Site 776.3 Logan Site 227.9 Boone
113 213

Site 14 | 259.7 Wyoming | Site 4125 Logan Site 425.4 Boone
114 214

Site 15 | 485 Wyoming | Site 149.2 Raleigh Site 105.2 Boone
115 215

Site 16 | 239.7 Wyoming | Site 106.8 Boone Site 111.4 Fayette
116 216

Site 17 | 785.4 Wyoming | Site 135.8 Boone Site 149.3 Fayette
117 217

Site 18 | 114.5 Wyoming | Site 679.7 Mingo Site 164.4 Fayette
118 218

Site 19 | 109.5 Wyoming | Site 166.6 Boone Site 238.7 Fayette
119 219

Site 20 | 1571.4 | Wyoming | Site 307.9 Raleigh Site 171 Fayette
120 220
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Site ID | Acres County Site ID | Acres County Site ID | Acres County
of Site of Site of Site

Site 21 | 3234 Mingo Site 866.9 Logan Site 3104.5 | Boone
121 221

Site 22 | 101.9 Wyoming | Site 164.9 Raleigh Site 208.3 Lincoln
122 222

Site 23 | 117.6 Mingo Site 922.8 Logan Site 303.8 Mingo
123 223

Site 24 | 267.7 Mingo Site 317.4 Raleigh Site 104.8 Fayette
124 224

Site 25 | 113.6 Raleigh Site 692.6 Mingo Site 108.2 Wayne
125 225

Site 26 | 255.7 Mingo Site 1410.6 | Boone Site 181.5 Fayette
126 226

Site 27 | 312.1 Mingo Site 2895.7 | Logan Site 3560.6 | Raleigh
127 227

Site 28 | 1235.5 | Mingo Site 1134 Raleigh Site 104.9 Fayette
128 228

Site 29 | 168.5 Mingo Site 180.8 Raleigh Site 142 Fayette
129 229

Site 30 | 566.6 Mingo Site 411 Mingo Site 110.9 Fayette
130 230

Site 31 | 133.5 Raleigh Site 1375.8 | Logan Site 661.1 Lincoln
131 231

Site 32 | 341.2 Mingo Site 110.8 Boone Site 134.7 Boone
132 232

Site 33 | 141.3 Raleigh Site 475.2 Boone Site 107.8 Fayette
133 233

Site 34 | 1218.1 | Mingo Site 168.4 Mingo Site 258.4 Boone
134 234

Site 35 | 246.1 Raleigh Site 140.8 Mingo Site 234 Fayette
135 235

Site 36 | 1295.9 | Mingo Site 357.4 Mingo Site 231.4 Fayette
136 236

Site 37 | 3816.3 | Mingo Site 177.2 Mingo Site 274.8 Wayne
137 237

Site 38 | 289.8 Wyoming | Site 2639 Logan Site 485.4 Kanawha
138 238

Site 39 | 700.1 Mingo Site 1066.5 | Logan Site 190.9 Fayette
139 239

Site 40 | 301.8 Mingo Site 183.5 Boone Site 162.5 Wayne
140 240

Site41 | 170.9 Mingo Site 141.7 Logan Site 480.5 Boone
141 241

Site 42 | 102.6 Wyoming | Site 3032.8 | Logan Site 146.2 Fayette
142 242

Site 43 | 105.4 Mingo Site 243.2 Boone Site 1176.7 | Boone
143 243

Site 44 | 339.2 Raleigh Site 102.2 Logan Site 2298.1 | Kanawha
144 244
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Site ID | Acres County Site ID | Acres County Site ID | Acres County
of Site of Site of Site

Site 45 | 238.2 Wyoming | Site 101.1 Fayette Site 104.9 Fayette
145 245

Site 46 | 101.2 Mingo Site 723.4 Mingo Site 114.6 Wayne
146 246

Site 47 | 933.1 Mingo Site 932.9 Boone Site 316.2 Greenbrier
147 247

Site 48 | 189.6 Wyoming | Site 246.9 Logan Site 179.5 Boone
148 248

Site 49 | 792.8 Raleigh Site 1693.8 | Raleigh Site 108.9 Greenbrier
149 249

Site 50 | 376.9 Mingo Site 234.5 Raleigh Site 295.5 Fayette
150 250

Site 51 | 223.7 Mingo Site 114.4 Boone Site 153 Lincoln
151 251

Site 52 | 193.1 Raleigh Site 215.5 Greenbrier | Site 369 Boone
152 252

Site 53 | 168.4 Wyoming | Site 117.4 Logan Site 143.3 Boone
153 253

Site 54 | 1034.9 | Wyoming | Site 140.5 Logan Site 123.3 Fayette
154 254

Site 55 | 159.6 Mingo Site 103.8 Fayette Site 301 Wayne
155 255

Site 56 | 112.7 Mingo Site 1048.4 | Mingo Site 385.8 Greenbrier
156 256

Site 57 | 295.2 Logan Site 499.9 Logan Site 256 Wayne
157 257

Site 58 | 101.2 Raleigh Site 113.1 Mingo Site 327 Boone
158 258

Site 59 | 203.7 Logan Site 152.8 Raleigh Site 515.8 Greenbrier
159 259

Site 60 | 332 Mingo Site 152.8 Boone Site 113.7 Greenbrier
160 260

Site 61 | 118.2 Wyoming | Site 185.9 Boone Site 858.2 Wayne
161 261

Site 62 | 303.5 Wyoming | Site 138 Mingo Site 654.2 Fayette
162 262

Site 63 | 163 Wyoming | Site 165.2 Fayette Site 308.2 Boone
163 263

Site 64 | 1837.8 | Mingo Site 1387.7 | Raleigh Site 816.9 Kanawha
164 264

Site 65 | 1530.7 | Mingo Site 207.1 Logan Site 169.3 Boone
165 265

Site 66 | 336 Wyoming | Site 172 Mingo Site 270.3 Fayette
166 266

Site 67 | 107.2 Logan Site 114.7 Fayette Site 104.2 Greenbrier
167 267

Site 68 | 221.6 Raleigh Site 233.2 Fayette Site 104.8 Greenbrier
168 268
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Site ID | Acres County Site ID | Acres County Site ID | Acres County
of Site of Site of Site

Site 69 | 233.6 Logan Site 3127.8 | Boone Site 126.4 Greenbrier
169 269

Site 70 | 290.4 Mingo Site 2970.1 | Logan Site 457.7 Boone
170 270

Site 71 | 509.7 Wyoming | Site 205.8 Logan Site 259.7 Greenbrier
171 271

Site 72 | 193 Logan Site 131 Fayette Site 1254.1 | Boone
172 272

Site 73 | 1391.2 | Logan Site 3604.3 | Logan Site 104.2 Fayette
173 273

Site 74 | 341.9 Wyoming | Site 120.6 Boone Site 139.9 Fayette
174 274

Site 75 | 115.4 Mingo Site 145.7 Raleigh Site 308.6 Boone
175 275

Site 76 | 133 Raleigh Site 103.3 Boone Site 7536 Boone
176 276

Site 77 | 289.5 Logan Site 107.3 Mingo Site 242.5 Greenbrier
177 277

Site 78 | 569.8 Wyoming | Site 1798.5 | Logan Site 466.7 Boone
178 278

Site 79 | 113.3 Logan Site 116.6 Boone Site 2477.1 | Fayette
179 279

Site 80 | 263.7 Logan Site 776.6 Boone Site 159.5 Boone
180 280

Site 81 | 322.2 Logan Site 105.2 Fayette Site 315.3 Kanawha
181 281

Site 82 | 267 Logan Site 179.7 Raleigh Site 143.4 Greenbrier
182 282

Site 83 | 220.9 Greenbrier | Site 154.2 Fayette Site 558.1 Fayette
183 283

Site 84 | 1522.4 | Logan Site 444.8 Mingo Site 460.9 Fayette
184 284

Site 85 | 226 Logan Site 481.1 Fayette Site 4839.2 | Boone
185 285

Site 86 | 108.2 Mingo Site 650 Boone Site 100.4 Greenbrier
186 286

Site 87 | 115.3 Wyoming | Site 147.1 Fayette Site 107.7 Fayette
187 287

Site 88 | 216.7 Mingo Site 111.8 Fayette Site 114.9 Fayette
188 288

Site 89 | 146.3 Raleigh Site 3530.7 | Raleigh Site 170.7 Greenbrier
189 289

Site 90 | 412.5 Wyoming | Site 101 Boone Site 243.5 Kanawha
190 290

Site 91 | 105.7 Mingo Site 753.1 Raleigh Site 3137.8 | Lincoln
191 291

Site 92 | 268.4 Mingo Site 102.9 Fayette Site 302.3 Greenbrier
192 292
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Site ID | Acres County Site ID | Acres County Site ID | Acres County
of Site of Site of Site

Site 93 | 390.1 Wyoming | Site 200.6 Boone Site 529.2 Fayette
193 293

Site 94 | 263.2 Logan Site 307.9 Raleigh Site 185 Kanawha
194 294

Site 95 | 115.1 Mingo Site 6309.6 | Boone Site 168.2 Nicholas
195 295

Site 96 | 509 Logan Site 1613.7 | Logan Site 578.3 Greenbrier
196 296

Site 97 | 269.3 Wyoming | Site 231.4 Mingo Site 826.6 Lincoln
197 297

Site 98 | b54.4 Logan Site 312.9 Raleigh Site 493.3 Boone
198 298

Site 99 | 756.4 Logan Site 165.8 Boone Site 121.5 Greenbrier
199 299

Site 501 Logan Site 596.3 Boone Site 5219.3 | Boone

100 200 300
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Chapter 5 - Prioritization Tool

Purpose

Researchers developed a site selection criteria matrix, the Prioritization Tool, using Microsoft Excel®
in which production estimates of biofuels, wind turbines, and solar panels on mined lands can be
calculated and used as guidance in the proposed design of Sustainable Energy Parks (SEPs) (see
Tables 5 through 7 below). This matrix includes the following criteria which have been identified as
being important contributors to the development of SEPs:

Cost inputs

Energy outputs

Land inputs

Biomass

Wind

Solar

The research team created the Prioritization Tool (hereinafter referred to as, the Tool) for community
members, local and state officials, energy and property developers, land- owners, mine operators,
entrepreneurs, and other stakeholders to qualitatively and quantitatively classify and evaluate
properties using identified screening criteria to establish their potential as SEPs. The Tool is
intended to be used early in the SEP planning process to provide an initial level of site screening
that will spur conversation between all stakeholders interested in placing wind, solar, or biofuels on
sites within the Appalachian region.

The Tool was created in a Microsoft Excel® spreadsheet and was chosen due to its widespread
availability and user-friendliness. The goal with this choice was to include users from a wide range of
technical abilities.

Goals and Objectives

The primary goals and objectives of the Tool will benefit many types of stakeholders. The Tool is
designed to:

1. Highlight, collect, bridge data gaps, and organize crucial and initial site characteristics and
energy data.
Determine threshold criteria and market values for each energy type.
Develop a standard consistent set of data among all candidate properties to aid in evaluating
top sites.
Select potential properties for SEP consideration.
Display the feasibility of each sustainable energy type per site.
Evaluate potential scenarios of implementing sustainable energy technologies.
Provide common ground between developers and communities through a complete data set
that provides potential SEP properties.
8. Enable communities to attract interested energy developers.

wn

NOo oA

Background

Initially, the Tool included more than 30 site selection criteria based on site characteristics to
determine the viability for solar, wind, or biofuel production. Numerical values and percentages for
all site characteristics were extracted for each of our 612 Candidate SEP sites through GIS analysis
of existing spatial datasets.

Upon further research, the team decided to use only the screening criteria and threshold site
characteristics from the United States Environmental Protection Agency (USEPA) and National
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Renewable Energy Laboratory (NREL) screening sites for wind energy potential (Table 5), screening
sites for solar photo voltaic (PV) potential (Table 6) and the biofuels screening criteria’ documents
(Table 7) below.

Table 5. Wind screening criteria and market values tab within the Prioritization Tool.

Wind Screening Criteria and Market Values
Wind Resource Potential 5.5 m/s @ 80m
Minimum Available Land (Ridgetops) 2 Acres
Distance to Transmission Lines 1 Mile(s)
Distance to Nearest Road 1 Mile(s)
Wind System Cost $3,000.00 | S/kilowatt

Table 6. Solar screening criteria and market values tab within the Prioritization Tool.

Solar Screening Criteria and Market Values
Solar Resource Potential 3.5 kWh/m2/day
Minimum Available Land (Solar) 2 Acre(s)
Distance to Nearest Road 0.5 Mile(s)
Distance to Graded Road 1 Mile(s)
MW Generation Potential 5 Acres/MW
PV System Cost 4.50 S/watt

Table 7. Biofuels screening criteria and market values tab within the Prioritization Tool.

Biofuels Screening Criteria and Market Values
Minimum Available Land (Biofuels) 10 Acre(s)
Distance to Nearest Processing Facility 150 Mile(s)
Distance to Nearest Road 5 Mile(s)
Biofuel Yield 4 tons/acre
Biofuel Production Costs 171.42 S/acre
Biofuel Value 60 S/ton

The NREL documents provided the researchers with the crucial screening criteria and threshold
values that could be used to determine a “yes” or “no” viability and basic financial information for
each energy type on any site. Extracted from the NREL documents, three to four screening criteria
with threshold values per energy type are incorporated in the Tool's formulas to determine the
potential or absence of energy per site. The NREL Screening Criteria was also seen by the
researchers as a recoghized technical “brand” which would be accepted by potential investors.
While the NREL screening criteria does not guarantee site viability, it provides an equal analysis to
compare sites in other states and across regions.
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Prioritization Tool Use

The Tool, which was designed in Microsoft Excel®, has multiple tabs that allow users to input or
update screening criteria, site characteristics, and market values. Once these values are
successfully entered into the Screening and Market Inputs tab and Site Characteristic Input tab, the
Tool will automatically populate the output tabs. The data output tabs include: Biofuel Outputs, Solar
Outputs, and Wind Outputs. The outputs will provide users with results on whether particular
properties have the potential for that energy type, the quantity of energy production per site, and
financial outputs and values of each site (see Tables 8 through 10 below).

Once most or all of the site data is collected, a community will then have a package of data for their
potential properties that can be used to approach and solicit investors and developers.
Communities will also be able to minimize time spent on properties that have little to no potential
for sustainable energy development. Communities that present this robust initial package of data to
energy developers will be ready to engage in meaningful dialogue with established energy
developers. The community will also have completed a significant portion of upfront data collection,
which will save developers’ time, energy, and financial investment.

The research team has created a Prioritization Tool Handbook to help users understand how to use
the Tool. The Handbook provides more detail on the tabs, data to input, where to locate data, which
values may need updated periodically, and other crucial aspects to the Tool. The Handbook is
located in Appendix E.

Table 8. Biofuel Outputs tab within the Prioritization Tool.

Biofuel Outputs .
parcel ID Available Land Distance to Distance to Nearest Biofuel vield Production Production Costs | Total Value per
(Biofuel) Nearest Road Processing Facility Possible? Costs (S/acre) {$/tonfacre) site
1 0 10.71 0.00 No
2 193.483 10.66 0.00 No
3 0.222 14.28 0.85 No
4 40.253 12.90 0.93 No
5 53.152 15.11 1.07 No
6 43.589 9.67 1.10 No
7 196.819 14.78 1.90 No
8 8.006 14.95 0.60 No
9 98.965 2.30 3.07 Yes 395.86 | S 16,965 | $ 4,241
10 8.451 16.14 0.38 No
11 2.446 14.46 0.00 No

Table 9. Solar Outputs tab within the Prioritization Tool.

Solar Outputs

Solar Resource Potential |Available Land Distance to Distance to - MW PV Installation Value
Parcel ID . i Solar Possibile? . )
(kWh/m2/day) (Solar) transmission lines | Nearest Road Potential Cost Per Site
471 6.25 4.22549 1.807902272 4.146269767 No
472 4.68 34.9159 0 2.440270665 No
473 5.96 11.5645 0 2.610057199 No
474 4.60 48.0371 0 9.293415058 No
475 4.64 2.22394 0.021203112 0.021850567 Yes 0.44 S 200,154.60
476 6.60 18.0139 2.624254157 4.955871907 No
a77 4.65 26.9097 0.673350165 4.692858982 No
478 4.25 2.89112 10.9551612 8.854837419 No
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Table 10. Wind Outputs tab within the Prioritization Tool.
widowpas

parcel ID Wu;n;l:::au‘me Avai\alfle Land Disl‘anloenlm Distance to Wind lurhi::fshe #nflurhilnes,l'she # of turbines/site |MW Potential|MW Pullentia\ MW Potential | System Price Svslerr‘l Price | System Price
[Wind) transmission lines | Nearest Road | Possible?| (Mid) (large) (Small) (Mid) (Large) (small) (mid) (large)
(m/s @ B0m) (Small)
451 6.73133 55.28 5680731308 | 1283168662 | No
452 463411 52.68 253373337 | 7.2163353%4| No
453 732521 36.91 6.220224831 | 12.83168662 [ No
454 441584 38740 0 3.516972965 | No
455 6.14567 99.58 0 0.841449264 [ Yes il 15 k] 8 13 19 $ -5 -5
456 466006 93.07 2.24480753 6.223822747)  No
457 6.99881 21.84 £.639188578 | 12.83168662 [ No
458 45183 103.48 2345507607 | 1425708657 [ No
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Chapter 6 - Community Engagement, Education, and Training

In an effort to educate communities about Sustainable Energy Parks (SEPs) and the research to be
conducted, a press release regarding the receipt of the United States Environmental Protection
Agency (USEPA) award was released on September 13, 2008. To draw additional attention to the
project, a check presentation with representatives from USEPA, West Virginia Department of
Environmental Protection (WVDEP), and West Virginia Water Research Institute (WVWRI) was held at
the September 2008 West Virginia Brownfields Conference in Huntington, West Virginia.

Researchers engaged, educated, and trained communities on the potential for redeveloping former
mine lands into SEPs. The following describes the various ways communities were engaged
throughout the duration of the project.

Conceptual Drawing

In order to better explain the concept of SEPs, the project team created a “vision” through the
development of conceptual drawings, digital imagery, and GIS mapping. The vision was used to help
educate communities and others about the different possibilities available for economic
development, as well as a more tangible idea of the types of development that could occur on mine-
scarred lands (Figure 30). A Masters level Graduate Research Assistant served as a graphic artist
and was also educated on the concept of SEPs through his work on developing the graphic model.

Figure 30. Example image of SEP conceptual drawing.
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Project Fact Sheet

An informational fact sheet on the project was distributed to 33 counties that are required by the
West Virginia Division of Energy to have Land Use Master Plans for former surface mine sites. The
fact sheet included the conceptual graphics and was placed on the project web page (Appendix F).

Project Flyer

A flyer on the project and concept of SEPs for distribution to citizens and local government officials
was developed and reviewed by USEPA (Appendix G). Researchers also distributed the flyer at the
National Brownfields Conference in Philadelphia, Pennsylvania in April 2011. The flyer was used
primarily as an informational tool when engaging citizens, county commissioners, and development
authorities in considering SEPs in their communities.

Meetings with Local Government

Presentations
Researchers presented information on mine-scarred lands as brownfields and the SEP concept at
the following venues:

West Virginia Economic Developers Council Annual Meeting

September 21, 2010

Hedgesville, WV

Audience: Economic Development Authority Directors from all 55 counties

Regional Planning and Development Council Conference

September 22, 2010

Shepherdstown, WV

Audience: Regional Planning and Development Directors and staff from across the entire state

Meetings

Lewis County Economic Development Authority

Locally, project staff met with Economic Development Authority Director for Lewis County, Doug
Parsons, on November 19, 2010 to discuss the reuse of mine-scarred lands. During the meeting
researchers discussed opportunities for the mine-scarred lands, including landowners that may be
open to SEPs as a redevelopment option. Researchers also discussed approaching the County
Commission in the spring to gauge their interest. Currently Lewis County is experiencing a boom in
demand for industrial property related to the Marcellus Shale natural gas drilling industry. This made
receiving property owner “buy-in” unviable.

Regional Planning and Development Council’s Annual Meeting

Researchers gave a presentation at the Regional Planning and Development Council’s Annual
Meeting on May 18, 2011 held in Wheeling, West Virginia. Researchers discussed the possibilities
of SEPs in the context of regional planning and economic development efforts.

Statewide Land Use Master Plan Meetings

The State of West Virginia requires each County with current or former surface mining activities to
have a Land Use Master Plan (LUMP). In May 2011 researchers continued to work with County
commissions and county economic development agencies on land use master planning efforts of
mine-scarred lands; specifically, with Marion, Taylor and Tucker counties.

The purpose of the LUMP is to provide guidance and suggestions for alternate land uses of

transportation systems, highway development, and surface mine sites. Based on interaction with
WVDE, SEPs on post-mine land sites are identified as a priority in each county’s LUMP. These plans
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build the foundation and offer an opportunity for the county to engage its citizens regarding
opportunities to develop SEPs. In total, 13 counties in northern West Virginia have completed their
county-specific LUMPs: Barbour, Brooke, Grant, Harrison, Marion, Mineral, Monongalia, Ohio,
Preston, Randolph, Taylor, Tucker, and Upshur Counties. Based on a meeting in December, 2011
with the Southern Brownfields Assistance Center, all of the southern coalfields communities were
made aware of the SEP opportunity.

Training Workshop for West Virginia University County Extension Agents

WVU Extension, which coordinates training and provides oversight to the State County Extension
Agents, was contacted in October 2009 regarding a training workshop for Extension Agents to
understand SEP concepts and potential to utilize switchgrass as a biomass crop for fuel/energy.

WVU Extension Professional Development Days Short Course

A course on SEPs and alternative energies was held at the 2010 WVU Extension Professional
Development Days. The presentation at the training was geared toward the basics of SEPs as a
viable opportunity for public and private sector involvement in the agents’ assigned communities.
The details of this course are below.

WVU Extension Professional Development Days Short Course
September 23, 2010

Jacksons Mill, WV

Audience: County Extension Agents

K-6 Report

At USEPA’s request, SRA International provided the research team with a draft write-up on the
project. SRA International, a subcontractor to USEPA, was assigned to summarize EPA-funded
projects for a K-6 report and asked that the draft write-up be reviewed. Researchers reviewed the
draft and sent suggested edits to SRA International.

Web Portal

The project team developed a web portal as a platform to share information about the project. A
webpage was created, http://wvwri.nrcce.wvu.edu/bf09.cfm, to share fact sheets, request for
proposals, conceptual images and other information on the project. An e-mail address,
sustainableenergyparks@mail.wvu.edu was also secured for correspondence purposes. This e-mail
was used for submission of the RFP from communities.
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Chapter 7 - Selection of a Pilot Sustainable Energy Park Site

Request for Proposals

To test the Sustainable Energy Park (SEP) Model, a pilot SEP location needed to be identified. The
location of the pilot site is important for the physical characteristics, technical compatibility,
environmental conditions, and subsequent economic feasibility. Other essential components are the
social variables such as project support from the community, local government, and economic
development organizations. Perhaps the most important component is landowner buy-in.

To ensure that the pilot site would possess as many of the technical, environmental, economical,
and social attributes as possible, the selection of the pilot site was posted as a Request for
Proposals (RFP) opportunity to all West Virginia counties with post-mine lands. A draft RFP for a
feasibility plan for SEPs at the community level was developed and sent to the following for review:
e Patricia Corbett, Project Manager, United States Environmental Protection Agency (USEPA)
Region llI
e Ken Ellison, Director, West Virginia Department of Environmental Protection (WVDEP),
Division of Land Restoration
e Jeff Herholdt, Director, West Virginia Division of Energy (WVDE)
e Geary Weir, Executive Director, Webster County Economic Development Authority
e George Carico, Economic Development Specialist, Southern West Virginia Brownfields
Assistance Center, Marshall University
e Rachel Lester, Director, Office of Coalfield Community Development (OCCD)
e Tamara Vandivort, Associate Director, West Virginia Water Research Institute

Comments on the draft RFP were received and incorporated into the final RFP (Appendix H).

The SEP Request for Proposals (RFP) was released statewide on November 14, 2011, to solicit
communities interested in participating as the pilot site for testing the SEP Framework. The release
was sent out via e-mail to the Economic Development Authority (EDA) in each county, to all 11
Regional Planning and Development Councils (RPDCs), as well as to a listserv of over 1,000
brownfields constituents in the state.

To identify additional potential respondents to the RFP, SEP researchers met with the WVDE Office of
Coalfield Community Development (OCCD), and Marshall University’s Center for Environmental,
Geotechnical and Applied Sciences (CEGAS) on December 15, 2011, to discuss potential renewable
energy sites on former surface mine property and the associated contacts in those
counties/communities. The OCCD committed to distributing the RFP and educating coalfield
communities about the opportunity of incorporating SEP development into the legislatively-mandated
Land Use Master Plans.

RFP Announcement

Announcements for the RFP were placed on the West Virginia Water Research Institute website
(www.wvwri.org), and the Northern West Virginia Brownfields Assistance Center website
(www.wvbrownfields.org), and on listserves. The RFP and the project were announced at the West
Virginia Redevelopment Collaborative Event on December 2, 2011, and the 2011 Energy Summit on
December 6, 2011. The announcement was also included in brownfields e-newsletters regularly
released by the Northern West Virginia Brownfields Assistance Center.

Coordination with Land Use Master Plans
Researchers engaged the West Virginia Division of Energy (WVDE) as a project partner to assist with
dissemination of information regarding the SEP RFP. The WVDE agreed to encourage each coalfield
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county, defined as a county with post-surface mine lands, to be provided with the information on
SEPs as part of their state code required Land Use Master Plan (LUMP) development.

Community Meetings

An exercise to engage community stakeholders to be used at public meetings was developed
(Appendix J). Community meetings were held in counties that applied for the RFP and/or showed
interest in pursuing renewable energy projects on former mine land.

Proposal Development Briefings and Workshops

Briefings

To encourage applications for the SEP Request for Proposals (RFP) the project team held briefings
with Economic Development Authorities (EDAs) and interested alternative energy businesses. The
briefings consisted of a review of the SEP concept, sharing the information and documents that were
developed by the research team, and a discussion of the potential of the participating county and
how that EDA could engage stakeholders. The briefings took place either in person or by telephone
at the request of the EDAs. EDAs included Preston, Webster, Grant, Marion, and McDowell Counties.

Workshops

A proposal development workshop was held January 6, 2012, with the Grant County EDA, the Region
8 Planning and Development Council, and interested energy developers (US Wind Force) to review
the RFP and tour potential sites of interest. ArcGIS Explorer® online maps created by SEP
researchers were used during the workshop to examine site characteristics, property owner
qguestions, and energy infrastructure. A visualization presentation (Appendix I) created by SEP team
researchers was used to educate local stakeholders on how the project would appear visually. A
workshop was also held for the Webster County Economic Development Authority on January 30,
2012.

SEP researchers met with two county economic development authorities (Marion and Randolph
counties) to provide project information and education, and to discuss potential sites.

Interested renewable energy investors and renewable energy installation, production or distribution
companies were engaged to connect with communities with existing renewable energy projects in
order for the SEP project to build upon the community capacity for renewable energy already built
through previous education efforts related to wind, solar, or other technologies. The interested
groups include US Wind Force, Potomac Energy Fund, World Construction Group, GroSolar, mtvSolar.

Administer Participatory Planning with Officials and Experts

Alternative energy experts were engaged to provide a practical critique of project design when
conceptual designs are completed. Researchers met with West Virginia regional solar energy experts
(mtvSolar) to discuss collaboration and review of solar infrastructure design. Researchers met with
US Wind Force to discuss wind infrastructure design. These two industry representatives, as experts
in their respective fields, will be able to offer significant critiques when the site design is ready for
commercialization and plan implementation. Other experts, with the Center for Environmental
Geotechnical and Applied Sciences (CEGAS), and the WVDEP Division of Land Restoration (DLR)
were engaged to assist in understanding the background on other alternative energy initiatives in
West Virginia and to discuss state-specific policy issues regarding abandoned mine site re-use.
Additional participatory planning was conducted through meetings with local officials within the
communities which responded to the RFP for the development of a SEP.
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Review and Selection of Pilot Site

The goal was to select one community with a former surface mine site that meets selection criteria
for the creation of a comprehensive SEP development plan for that site. Steps in the proposal review
and selection process were as follows:

Identify reviewers.

Collect proposals from applicants.

Disseminate proposals to reviewers.

Reviewers rank and select potential project(s).

Submit recommended project to USEPA for consideration.

USEPA confirms selected community.

Applicants notified of results.

NN

1. Reviewers

The selection committee included:

e Ken Ellison, Director, WVDEP - Division of Land Restoration

Brady Gutta, Project Manager, National Mine Land Reclamation Center
Patrick Kirby, Director, Northern WV Brownfields Assistance Center

Paul Ziemkiewicz, Director, West Virginia Water Research Institute

Tamara Vandivort, Associate Director, West Virginia Water Research Institute

2. Proposals Received
Two proposals were received by the January 31, 2012, due date in response to the RFP.
Community site candidates included the following;:

1. Mountain Top Industrial Park site in Grant County (Figures 31 and 32) submitted by the
Grant County Development Authority, and
2. Indian Ridge site in McDowell County (Figures 33 and 34) submitted by the McDowell
County Economic Development Authority.
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Figure 31. Proposed SEP site in Grant County, West Virginia.
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Figure 32. Detailed view of proposed SEP site in Grant County, West Virginia.
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Figure 33. Proposed SEP site in McDowell County, West Virginia.
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Figure 34. Detailed view of proposed SEP site in McDowell County, West Virginia.

3. Disseminate Proposals to Reviewers
The evaluation criteria used to select the top applicant included four primary categories: 1)
Applicant eligibility, 2) site characteristics, 3) applicant capacity, and 4) an overall score.

Site characteristic qualifying questions included slope suitability for switchgrass, potential
acreage for biofuel stockpiling, existing infrastructure, proximity to potential markets,
accessibility for assessments, and potential for wind, solar and geothermal energy. The
applicant capacity qualifying questions included the presence or absence of clear community
vision and involvement, a good description of SEP connection with community initiatives,
strong stakeholder support, letters of support, perceived ability to sustain project
momentum, community’s future capacity to redevelop brownfield sites, and other capacity
and experience considerations. The land ownership considerations were also used as part of
the selection criteria of the pilot SEP proposals, with more value being placed on a single
owner (less complicated owner structure). The overall scoring questions involved the
application strength and reviewers’ interest in working on the applicant’s project.

In order to aid the RFP application review process, a series of county and site-level map
products intended for site comparison and evaluation were developed. Map products
developed included general location maps, recent aerial photography, elevation/contours,
slope, existing infrastructure, potential wind energy resources, potential solar energy
resources, and any current mining permits or activities for the two proposed sites.

4. Rank and Select Potential Projects

On February 27, 2012 the SEP RFP Selection Committee met to review the two proposals
received from the McDowell and Grant County EDAs. The agenda for the selection committee
meeting included time to discuss the project backgrounds, project status updates, evaluation
questions and RFP process inquiries, the actual review of the evaluation forms, and
questions and discussion about the project applications.

Both sites had pros and cons that were closely evaluated. The McDowell County site pros
included its large contiguous area, the EDA’s ownership and site control, its known solar
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rating, sufficient access road, and its adjacent proximity to a Federal Correctional Institute
that could likely be an end user of alternative energy. However, the McDowell County site
scored low on location and distance from established large energy markets and population
centers.

The Grant County site scored high on proximity to already-established wind resources,
tangible private sector partnership, and known excess capacity for alternative energy in the
area based on permitting, significant energy infrastructure investment nearby, and location
to population centers such as Washington, DC. However, the site scored low in these areas:
property not contiguous, multiple owners of the site, and the applicant only owned small
percentage of the project area at the time of application submission.

Once the discussion and review was complete, the McDowell County EDA was the selected
applicant for the pilot SEP.

The McDowell County Economic Development Authority (MCEDA) is the owner of the pilot site
identified as “Indian Ridge.” The MCEDA is not responsible for contamination and/or
environmental conditions related to the surface mining activity that led to the property’s
current “mine-scarred land” condition. The MCEDA expressed their interest, via their
response to the SEP call for proposals, in redeveloping the site and/or entering into a sale or
lease agreement for the purpose of the site’s redevelopment.

5. Submit Recommended Project to USEPA for Consideration.
USEPA was notified of the two proposals received, the recommendations of the reviewers,
and the selection outcome.

6. USEPA Confirms Selected Community
USEPA approved the selection of the Indian Ridge site in McDowell County.

Applicants Notified of Results

The McDowell County EDA was notified that their site was selected as the pilot SEP. A
meeting for the project researchers to meet with community project stakeholders was
arranged. The Grant County applicant was notified that while their site was not selected for
the pilot SEP, that staff with the Northern West Virginia Brownfields Assistance Center would
continue to work with the community to assist them in achieving their goals.
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Chapter 8 - Comprehensive Development Plan

The Comprehensive Development Plan Section illustrates conceptual and programming options
based on the Detailed Site Assessment, Business and Marketing Plans, and the Sustainable Energy
Park (SEP) Comprehensive Land Use Master Plan.

Site Assessment

Field reconnaissance, soil and water sampling, data review, spatial analysis, and 3-D modeling were
utilized to perform a detailed site assessment of the selected SEP Pilot Indian Ridge Site, north of
Welch, in McDowell County, West Virginia. Existing GIS data was used to perform analysis of site
opportunities and constraints, including a digitized property boundary layer of the McDowell County
site (Figure 35). Site coordinates, photos, and spatial extents were easily shared throughout the
various project partners via ArcGIS® Online.

o

Figure 35. Boundary of potential SEP site in McDowell County, West Virginia.

General Overview

The selected SEP site at Indian Ridge in McDowell County, West Virginia can be described as a site
exhibiting scars from former surface mining operations. Highwalls remain in place and surround the
site, exposing layers of geological development. The forest perched on the highwalls is a mixture of
mature hardwood species with a thin soil profile. The mine scared land contained within the
highwalls is generally comprised of highly compacted soil, with several rocky, gravely berms and
minimal topographic change beyond the valley fill areas. A utility corridor along the future highway
right-of-way bisects the site, creating a ridge separating site hydrology. The vegetation can generally
be described as successional, comprised mainly of grasses and forbs with pioneer tree species that
are both native and invasive. Grading directs stormwater through a series of swales along the
highwall edges and surrounding valley fill areas. Several small isolated wetland pockets have formed
in flatter areas throughout the site. There are several valley fill areas as evidenced by patches of
mature forest and grassy terraces with stone weirs directing water to the remaining valley reaches.
The valley fill slopes are extremely steep making them difficult to access and susceptible to erosion.
A series of ponds line the bottom of the valley fill. These areas have limited water movement, acting
similar to a detention system. The hydrology here is linked and discharges into the adjacent
residential valley. Due to the limited soil profile development, excessive soil compaction, and sparse
native vegetation, the site is void of significant ecological value and feeds the adjacent valley with an
excess of sediment.
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Soils

Soils data provides planners with very important information to guide their planning and design
process. Soils provide opportunities and limitations for site development. Specific soils support
unique plant communities. Soil stability is also an important consideration when siting structures,
trails, and other potential design elements.

The majority of soils on the site can be characterized as compact rocky, gravely oxidized grey to black
silt loam mix. Based on the soil and vegetation quality, there is no evidence that topsoil was salvaged
and spread following mining operations. This, in conjunction with excessive soil compaction has
significantly inhibited healthy soil development. Typically, it can be expected that a gravel/silt loam
soil mix would allow for some infiltration. However, due to excessive soil compaction, it is anticipated
that there will be little permeability in many areas of the site. Soil pH measurements ranged from 4.0
- 7.2. With all but one measurement being below 7.0, the soils may be characterized as acidic. The
dominance of broomsedge bluestem (Andropogon virginicus) is further evidence that the soils are
acidic with low fertility.

Flat topography in areas surrounding valley fills result in the formation of several wetland pockets.
Runoff that is not managed through the swale system settles in these depressions where a hydric
soil profile, high in organic content has developed. Even during the dry season these soils remain
saturated, with a high clay content and show very little evidence of oxidation. There are some
wetland areas receiving higher afternoon sun that were drier in comparison with shadier areas.
Here, gleyed soil with oxidized root channels indicated that these areas are dry during some periods
of the year, but have periods of inundation. The swale systems exhibit similar soil profiles to the
wetland pockets. While many of the swales were dry, wetland plants were present in soils with
organic content, indicating hydric conditions during part of the season.

Valley fill areas have retained some soil nutrients to maintain original forest cover in areas that were
undisturbed. However, due to the steep topography and an oak-dominated vegetation profile, it is
likely that the soil profile is shallow and less developed. Steep slopes typically cause soil to erode
more easily, which is evidenced from the formation of gullies and sedimentation in the pond areas
below. The terraced areas containing rock weirs are similar to the gravely silt loam soils in the fill
areas. However, compaction is significantly less, which has caused some areas to be less stable.
Sinkholes and settlement has occurred on several terraces that contain less gravel content. Erosion
is evident along the edges of the stone weir channels. The most heavily eroded channels are in the
southerly valley fill, adjacent to the residential neighborhood. Significant sedimentation in this area
is evident. Valley fills are often susceptible to erosion as fill material is less compacted and stone
weirs create point controlled hydrology. These valley fills are further stressed, due to their
downstream location along the hydrologic chain on the mine- scarred land.

Failure of the rock highwalls is a concern. These walls are formed from siltstone, shale, fine grained
sandstone and coal. During restoration, typically the site is graded to form gentle slopes that would
not leave an exposed rock face. Since these rock highwalls are susceptible to erosion and sheer
failure, an appropriate angle of repose should be considered during development. To ensure
people’s safety, it is recommended that no buildings are constructed within a distance of twice the
height of the rock highwall.

On March 29, 2012, project researchers walked the site and collected eight soil samples in varying
locations (Figures 36 and 37). Samples were collected in order to determine the type of soils and
quantify their chemical composition. Soils were collected and tagged in laboratory-provided bags and
sent to be analyzed at the West Virginia University Extension Services Laboratory in Welch, West
Virginia for analysis. Results are shown in Table 11. All chemical constituents are in normal range for
filled mine land.
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Figure 36. Soil sample collection location A, Indian Ridge site, McDowell County, West Virginia.

Indicative of post-mining conditions, the soil horizons were generally less than one foot in depth
before extensively rock-laden fill material was encountered. Researchers concluded that the site’s
dominant soil type consisted of an oxidized grey to black silt-loam with various intermittent rock
fragments. Preliminary research concludes that the soil type will not be a limiting factor in the variety
of biofuel grass that is planted and harvested for biofuels at the site in Welch, West Virginia.
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Figure 37. Soil sample collection location B, Indian Ridge site, McDowell County, West Virginia.

Table 11. Results of surface soil samples collected at the Indian Ridge site, McDowell County, West
Virginia.

Lbs / acre Meq/100g % Saturation
Sample CEC BS
Sample ID Date pH | LR P K Ca Mg K Ca | Mg H (Total) K Ca|[Mg| H (K=Ca=Mg)

1{3/29/2012| 4 7.9 2 62 | 330 | 284 [ O 1 1 16 18 1 5 7 | 8 13
2|3/29/2012| 5 36 | 15 [ 91 [ 911 | 461 0 2 2 7 12 2 20| 17 | 63 39
3|3/29/2012| 4.8 3 35 | 164 | 905 | 342 0 2 1 6 10 3 23 [ 15| 61 41
4|3/29/2012| 6.1 | 0.9 | 126 | 153 | 1587 | 509 0 4 2 2 3 50 | 27 | 23 79
5|3/29/2012( 7.2 0 83 | 127 | 1662 | 598 | O 4 2 0 7 3 62| 37| O 101
6/3/29/2012 6 | 09 | 70 | 113 (1382 | 490 | O 3 2 2 7 2 47 | 28 | 25 77
7|3/29/2012| 6.2 | 0.9 [ 111 | 137 | 1406 | 512 0 4 2 2 8 3 47 | 28 | 24 78
8|3/29/2012 4.4 | 87 | 10 | 8 | 403 | 266 | O 1 1 17 20 1 6 6 | 89 13
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Hydrology

Site hydrology is heavily engineered, consisting of valley fills with channelized stone weirs, swales
formed by berm shaping and concrete pipe networks that manage drainage associated with the
construction of a Federal Correctional Institution (FCI) at the site. Hard engineering solutions using
pipes and detention overflow structures are limited to the FCI-McDowell area. Hydrology can be best
described in two sections, the FCl/southerly valley fill area and the northerly valley fill area.
Construction of an access road north of the FCI has created a ridge hydrologically disconnecting
these systems.

FCl and South Valley Fill

Stormwater along the site entrance to FCI-McDowell is managed through traditional roadside ditches
consisting of turf lawn and check dams that slow water and limit sediment movement. Parking and
other hardscape drainage is collected through a series of catch basins and concrete pipes. The
swales and pipe systems are directed to three detention basins located on the northwesterly,
southwesterly and southerly sides of the site.

While traditional swales and concrete pipes provide little ecological value, the stormwater basins are
filled with a variety of native and invasive grasses that provide some water quality and habitat
benefits. Unlike turf lawn swales and concrete pipes which move water quickly, the basins slow
stormwater movement allowing sediment to fall out of suspension, while vegetation assimilates
contaminates from the hardscaped area runoff. In addition to sediment control and nutrient
assimilation, water temperature is also an indicator of water quality. Cooler water temperatures
contain a greater amount of dissolved oxygen to support fish and aquatic vegetation. Concrete pipes
and open water in basins and swales yield higher water temperatures. While grasses and forbs in the
stormwater basins help mitigate higher water temperatures, the addition of shrubs and trees would
create a canopy to shade and cool water. Shrubs and trees also help stabilize banks and reduce
sediment movement to a greater extent than the existing forbs and grasses.

The stormwater basins outlet into valley fill areas. The northerly basin discharges into the utility
corridor and the southerly basins discharge directly to a constructed valley fill. Both systems’
hydrology are connected and flow to the adjacent residential valley. Stormwater from the site has
resulted in an excess of sediment in the valley.

While the basins collect sediment from FCI McDowell, they discharge from a single outlet along
steep, sparsely vegetated slopes, accumulating sediment along this path. Point source discharge
along steep slopes force the water to channelize and move quickly through the valley fill, eroding the
sides of the stone weir channels. The northerly basin further contributes to sediment movement as it
discharges to bare soil along the unrestored utility corridor. Reducing stormwater contained within
these ponds, vegetating the utility corridor and reconfiguring basin outlets to evenly redistribute
water to multiple point sources that use a combination of stone and vegetation stabilization will help
reduce sedimentation in the residential valley.

A constructed swale system, formed by berms, manages stormwater in undeveloped areas of the
site. Swales run along the highwalls and surround many of the valley fill areas. The highwall swale
system is generally narrow and shallow in depth. There are areas where the berm is less
pronounced, allowing water to disperse and become less channelized. Here there is evidence of
standing water and cattail vegetation. These areas yield some infiltration as water movement is
slowed, however soil compaction has slowed this process. Enhancement of the swale and shallow
ponding areas should be considered in restoration. This system of vegetative water movement and
settling is common in low impact development practices.
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North Valley Fill

Similar swale systems surround the valley fill areas. While the southerly valley fills generally have
shallower swales similar to those along the highwalls, the northerly areas have very deep swales with
high, steeply sloped berms on each side. These swales are dominated by cattail species (Typha spp)
indicating hydrologic conditions. However, these swales do not appear to be hydrologically linked to
the greater site. The berms create a barrier to stormwater movement. This fragmentation has
created deep, linearly isolated wetland infiltration areas. Due to the excessive soil compaction and
stormwater runoff isolation, these areas act similar to bog ecosystems, with rainfall being the only
connection to hydrology. Sphagnum moss (Sphagnum spp), a common bog species, is present in
several areas along these swales.

However, these swales don’t appear to be hydrologically linked to the greater site. The berms create
a barrier to stormwater movement. This fragmentation has created deep, linearly isolated wetland
infiltration areas. Due to the excessive soil compaction and stormwater runoff isolation, these areas
act similar to bog ecosystems, with rainfall being the only connection to hydrology. Sphagnum moss
(Sphagnum spp), a common bog species, is present in several areas along these swales.

There are two ponds in the northerly valley fill area. The ponds are separated by a berm that allows
for a hydrologic connection when the water level rises high enough. It is possible that water infiltrates
the berm as well, moving from the northerly pond to the southerly pond. The access road to the site
that extends west of the FCI creates a ridge, disconnecting stormwater movement from this area to
valley fills further downstream. Since the water is isolated with no outlet and erosion is present on
the nonforested slopes, there is significant sedimentation in this pond system. This is evidenced
from the lack of water clarity within the pond.

While, many of the swale systems provide an important stormwater service, the swales surrounding
this valley fill region provide little functional value. They are unsightly and create a significant safety
hazard. Regrading in this area to provide hydrology capacity and ensure the people’s safety will be
considered during the design. Solutions must consider the sedimentation problems in the valley fill
ponds and ensure that no further sediment movement is directed here.

Researchers collected surface water samples from small flowing watercourses at the site (Figures 38
and 39) for the purpose of characterizing the composition of water in post-mine conditions. The
water samples were sent to the National Research Center for Coal and Energy (NRCCE) laboratory in
Morgantown, West Virginia and analyzed for pH, alkalinity, acidity, conductivity, sulfates, and heavy
metals. Laboratory results indicate that the pH of surface waters at the site is near 6.50 and are net
alkaline (Table 12). Alkalinity, pH and all other tested chemical parameters fall into the normal range
and are indicative of typical surface water in valley fills located in southern West Virginia. Currently
there are no groundwater monitor wells onsite.
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Figure 38. Water sample collection location A, at Indian Ridge site, McDowell County, West Virginia;
area view (left), and close-up view (right).

Figure 39. Water sample collection location B at Indian Ridge site, McDowell County, West Virginia;
area view (left), and close-up view (right).

Table 12. Analytical results of surface water samples collected from the Indian Ridge site, McDowell
County, West Virginia.

pH*  Alkalinity Acidity  Cond. Al Ca Fe Mg Mn SO4 Na
150.1 SM2320B SM2310B SM2510B 200.7 200.7 200.7 200.7 200.7 375.4 200.7
mg/L mg/L mg/L uS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Date Sampled 1 1 2.2 0.1 0.1 0.1 0.1 0.1 0.032 0.1
03/29/12 6.49 101.46 <1 684 <0.1 94.7 <0.1 48.23 <0.1 259 12.2
03/29/12 6.53 61.55 <1 519 <0.1 54.9 <0.1 27 0.31 187 11.1
Cl Br K As Ba Cd Cr Pb Ag Se
300 300 200.7 200.7 200.7 200.7 200.7 200.7 200.7 200.7
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
0.44 0.088 0.1 0.047 0.012 0.014 0.012 0.032 0.045 0.045
1.46 <0.088 4.37 <0.047 0.071 <0.014 <0.012 0.053 <0.045 <0.045

1.56 <0.088 2.38 <0.047 <0.012 <0.014 <0.012 0.037 <0.045 0.097
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Vegetation

Upland forested areas surrounding the site are comprised of a mixture of hardwood species
dominated by Alleghenny-Cumberland dry oak forest and hardwood species such as red, black and
scarlet oaks (Quercus rubra, Quercus velutina, and Quercus coccinea). Also present are some
Appalachian cove forest species such as red maples (Acer rubrum) and yellow poplar (Liriodendron
tulipifera). The face of the highwalls is generally void of soil and vegetative cover, except in areas
where water is penetrating the rock face. Willows (Salix spp), an indicator of hydrology, are growing
along these water patterns.

Vegetation above the valley fill areas, contained within the highwalls can be described as
successional pioneer species comprised mainly of grasses and forbs with some sparse native and
invasive tree and shrub species. Dominate non-woody and highly aggressive vegetation such as
birdfoot trefoil (Lotus corniculatus), broomsedge bluestem (A. virginicus) and crown vetch
(Securigera varia) are an indication of acidic, low fertile soils. These plants grow in dry, shallow soil
profiles and along rocky berms. Crown vetch (S. varia) extends throughout valley fill areas where
trees are not present. While the invasive nature of crown vetch (S. varia) leaves little space for native
vegetation establishment, other aggressive and non-native plants such as broomsedge bluestem (A.
virginicus), Chinese mint (Elsholtzia stauntonii), and autumn-olive (Elaeagnus umbellata) have
sparsely grown along valley fill terraces. Chinese mint (E. stauntonii) has aggressively spread beyond
the valley fill areas.

Native species such as staghorn sumac (Rhus typhina) and highbush blackberry (Rubus
allegheniensis) are growing along berms where a shallow soil profile is present. These species
further indicate the presence of acidic soil conditions. While they suggest low soil fertility, they
provide food and nesting cover for a variety of species. These shrubs exhibit an aggressive growth
pattern, creating an extensive root network providing soil erosion control and bank stabilization.

Pioneer tree species such as black locust (Robinia pseudoacacia) and empress tree (Paulownia
tomentosa) are present along berms. While black locust (R. pseudoacacia) species are found
throughout the site, the empress tree (P. tomentosa) is mainly localized to the northerly valley fill
region and areas that were disturbed during utility construction. Although there are many efforts in
the region to eradicate the empress tree (P. tomentosa) because it is considered an invasive
species, this tree along with the black locust (R. pseudoacacia) provide nitrogen benefits essential
for soil development and plant nutrition. The leaves of the empress tree (P. tomentosa) provide
nitrogen during decomposition and black locust trees (R. pseudoacacia) have the ability to fix
nitrogen from the atmosphere in a form that is accessible for plant uptake. Black locusts (R.
pseudoacacia) provide additional benefits through their symbiotic relationship with mycorrhiza fungi.
This fungus is an important component of soil life and chemistry as they facilitate nitrogen and
phosphorous aiding in plant uptake of soil minerals and nutrients. The black locust (R.
pseudoacacia) and introduction of other legume species will be important for rehabilitating soils
throughout the mine- scarred lands.

There are several areas throughout the site where wetland vegetation is present. Drainage swales
surround the site highwall edge and interior valley fill regions. Sedge species (Carex spp.) and
woolgrass (Scirpus cyperinus) populate narrower swales, where gentle slopes facilitate water
movement. Drainage movement through the swale system is interrupted by flat areas where
hydrology disperses and infiltrates slowly. These areas, along with several small isolated wetland
pockets are dominated by narrow-leaved cattail (Typha latifolia) and hybrid cattail species (Typha x
glauca). Although these cattail species are highly aggressive and considered invasive, they can
perform an important function on mine reclamation sites. They are often planted for their ability to
survive acid mine drainage (AMD) conditions, remove heavy metals from solution and provide
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biomass and organic carbon that generate microbial alkalinity. It will be important to manage cattail
aggression by considering native wetland plants that can thrive in acidic soil conditions and can
compete and coexist with cattails (Typha spp). Since sedges (Carex spp.) and woolgrass (S.
cyperinus) are successfully established within site hydrologic areas, these species along with several
willow species (Salix spp.) should be considered when further developing site hydrology.

A similar species composition of red, black and scarlet oaks (Q. rubra, Q. velutina, and Q. coccinea),
red maples (A. rubrum), and yellow poplars (L. tulipifera) in the upland forest is established along
undisturbed valley fill slopes. This indicates that mine-scarred areas, though fragmented, are a
continuation of the surrounding forest. These isolated patches should be linked to create wildlife
corridors for species movement. As previously mentioned, crown vetch (S.varia) is the dominate
plant along disturbed terraced valley fill regions, with broomsedge (A.virginicus) and autumn-olive (E.
umbellata) beginning to colonize as well. The trifecta of these species make the establishment of
native species difficult. However, as the area succeeds to a forested land cover, the adjacency of
many native hardwoods may yield a healthier ecosystem.
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GIS Analysis of Site Conditions
The maps below show overall site conditions in terms of elevation (Figure 42), land cover (Figure 43),

and slope (Figure 44). A brief analysis detailing how the information assisted in making planning
decisions is provided for each map. Elevation mapping allows researchers to understand the
opportunities and constraints of the overall site for different types of development. Figure 42
demonstrates that much of the site contains areas of high elevation gradients that would create
issues for different types of alternative energy facility implementation.
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Figure 40. Overall elevation conditions at the proposed SEP site, Indian Ridge, McDowell County,
West Virginia

The land cover map (Figure 43) illustrates that the overall site is primarily forested with some areas
of previous disturbance due to a history of surface mining. Land cover data allows researchers to
make informed decisions regarding future site programming and activities. In areas of existing forest
a recreation program may be suitable. In areas of disturbance more industrial types of development
would be more appropriate. The ‘Forest in Permit’ areas are currently being surface mined or may be
mined in the near future. With foresight these areas may be reclaimed in such a way as to prepare
them for future alternative energy facilities. The ‘Mine Grass’ area to the east of the site is the Indian
Ridge Industrial Park site which includes FCI-McDowell (shown in black). Because of the existence of
mine grass, which was confirmed through site visits, this area may be appropriate for biomass
cultivation with soil amendments.
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Figure 41. Land cover map of the proposed SEP site, Indian Ridge, McDowell County, West Virginia.

Figure 44 depicts slope in degrees, which provides very strong guidance in siting development within
the project boundary. Desirable slopes for constructing buildings generally fall between 0-10
degrees. Biomass production would generally be restricted to areas with a slope of between 0-5
degrees. All of the green areas would be very difficult to build upon with the costs outweighing the
benefits. The blue area, the Indian Ridge Industrial Park, is the most suitable area for mixed use
development.
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Figure 42. Slope in degrees at proposed SEP site, Indian Ridge, McDowell County, West Virginia.
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Slope aspect tells researchers the direction (North, South, East, West) that the particular land
surfaces are facing. Especially important for this project is the relation of the land surfaces to the
cycles of the sun. Figure 45 indicates areas that would be most suitable for siting of solar panels
within the design site. Other factors that would affect siting of solar infrastructure include slope
gradient and soils because of the potential restrictions of steep slopes making installation of panels
difficult, and soils because of the need for stable subgrade. Level areas within the Indian Ridge
Industrial Park are also suitable without regard for slope aspect as these open areas would allow for
full exposure to the sun.
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Figure 43. Slope aspect at the proposed SEP site, Indian Ridge, McDowell County, West Virginia.
Process for the Creation of Comprehensive Development Plan

Administer Participatory Planning Process with Officials and Experts

The participatory planning process with local officials began with the meeting in Welch, West Virginia,
in March, 2012. Alternative energy experts were engaged to provide practical critique of project
design when conceptual designs are completed. Researchers met with West Virginia regional solar
energy experts (MTV Solar) to discuss collaboration/review of solar infrastructure design.
Researchers met with US Windforce to discuss wind infrastructure design. These two industry
representatives, as experts in their respective fields, provided significant critiques as the design of
the site evolved.
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Local Official Participation

Researchers administered a meeting to discuss the SEPs project in Welch, McDowell County West
Virginia through the Economic Development Authority. The meeting allowed researchers to learn
local concerns and opportunities related to the industrial park at the Indian Ridge site. Stakeholders
at the meeting identified groups and individuals for engagement in the participatory planning
process. There were multiple purposes identified for the meeting: To introduce WVU team members
and McDowell County Officials and attendees; to introduce the SEPs Project to local McDowell
County Officials and other attendees; to discuss potential stakeholder groups for participation in
planning process; to discuss a potential public-wide engagement strategy during project planning; to
discuss other opportunities that may be addressed during the planning process, ie. industrial park
location and design; opportunities created by expressway alighments; public recreation needs;
Gateway opportunities; National Coal Heritage Trail (NCHT) connections; etc.; to clarify SEP site
boundary; and to coordinate a visit to the project site for surveying purposes (LiDAR and
environmental assessment). The meeting occurred on Wednesday March 28, 2012 and site visits
followed that afternoon and the next day.

The meeting brought local insights and sensitivities to the research team. One of the key outcomes
of the meeting was to identify other groups for participation. The identified groups included: The local
Chamber of Commerce, local schools, Southern West Virginia Community College (Saulsville), WVU
Extension, 4-H, Copper Ridge Landfill, and FCI-McDowell. Individuals involved in alternative energy
projects currently active in McDowell County were also identified including high school teachers who
work locally with the Health Sciences and Technology Academy (HSTA). Local alternative energy
projects include a solar experiment at Mount View High School; and potential methane harvesting at
Copper Ridge Landfill.

Local knowledge communicated during the meeting assisted researchers in defining the boundary of
the site for planning. Individuals at the meeting had worked closely in bringing FCI-McDowell to the
property; the group had gone through several iterations of planning and design in envisioning future
use of the industrial park. The site had been identified for mixed-use development through a land
use master plan developed for the West Virginia Division of Energy and Office of Coalfields
Community Development. The mixed-use development for the site is appropriate as it is the location
of the future interchange between the King Coal Expressway and the Coalfields Expressway. The
participants had identified ‘new’ energy development opportunities for the site including a possible
Hydro-Pump project and a possible Mine-Water-Heat energy generating facility. The group perceived
a relationship with FCI-McDowell to be a strong opportunity for partnership through work camps and
green energy job training programs.

In terms of recreation, participants had witnessed the positive economic impacts of the regional all-
terrain vehicle trail and envisioned potential connections to the Hatfield-McCoy trail, specifically
reaching out to Ashland, West Virginia where trail alignments had been defined. The participants did
perceive a potential conflict in developing a ‘formal’ trail system in McDowell County. Specifically
they thought that residents may resist paying the fees and following the rules if trails were proposed
for the project site. Participants discussed the potential for specific county resident access without
major restrictions.

Another connection that would benefit site development was with the NCHT - US Route 16. As a
gateway from the planned expressways (King Coal and Coalfields Expressways) to the historic and
cultural resources of the established route, the industrial park site would be a key hub in drawing
visitors to the region.
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Participants also identified key community needs in real estate and economic development. Through
local discussions the group identified a need for rental properties. Many of the workers at FCI-
McDowell commute over an hour to work. Local housing does not satisfy the demand. They also see
a need for a hotel/motel at the industrial park site. Visitors to the FCI have difficulty finding overnight
lodging.

Assets that participants identified through discussion included existing site infrastructure. Existing
infrastructure includes roads, water, electricity, and other utilities. Water retention for runoff was
established in the mine reclamation process. Discussants also perceived strong potential in
providing utility support for the FCI.

Expert Participation and Consultation

As a planning component of the project, regional experts in the field of alternative energy generation
were consulted multiple times throughout the project development. Solar energy experts (MTV Solar)
were recruited to discuss collaboration and in their role as potential reviewers of solar infrastructure
design for the McDowell site. Their participation allowed for the most context-sensitive design
solutions as they work to design, implement and manage solar infrastructure projects throughout the
northeastern region. As a company they are committed to building local economies through
alternative energy projects, training local contractors and educating the public. Their participation
may have positive impacts on the residents of Welch and the region.

Wind energy expert consultation consisted of meeting with US Windforce, a key player in developing
wind energy projects at the Allegheny Front, particularly in Logan County, West Virginia. They
portrayed very clearly the financial margins necessary for completing a privately funded project. Their
input provided insight into the feasibility of the McDowell County project. When design and planning
is more fully developed for the site, US Windforce’'s participation will be a key component to
grounding the planning project within the realities of wind energy development on the site.

Focus Group Meetings

Following the meeting with officials at the McDowell County Economic Development Authority, focus
group meetings were organized. To gather a broad base of input, three focus group meetings were
scheduled, in addition to meetings with newly identified stakeholders. The meetings were held on
June 14, 2012 at the Welch Public Library. After the meeting with McDowell County EDA, leaders of
the Copper Ridge Landfill and administrators at FCI-McDowell were contacted for private meetings.
Focus groups were organized under the subject areas: Education, business/industry, and recreation.
With the input of the EDA already establishing a mixed use program, researchers decided on more
specific and detailed topical areas for coverage in focus group meetings. Questions designed to spur
conversation between participants were consistent across the three groups though with different
areas of emphasis. Individuals were contacted for participation through e-mail and telephone calls.
Many were eager to contribute their input to the project. The following discussion lists the questions
asked of each focus group, followed by the results of each focus group. The concluding section
translates collected information to planning and visualization of the master plan and potential
project and program initiatives.

Participation with Local Youth

In order to address questions and concerns of local youth an event was scheduled at the McDowell
and Wyoming County 4-H Camp with a self-selected student group. In this way the group would be
small enough to engage in a meaningful way. An agenda was set for the meetings with 4-H students
that sought to educate them on the project and provide a forum for discussion. It was also hoped
that the students would contribute meaningfully to the design process. The 4-H Camp was held in
Glen Fork, WV during the week June 25-29, 2012 (Figure 46). Working with a youth group was a very
important component of the project in that their contributions gave voice to an underserved
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population group, and it is hoped that as the next generation of adults they may recognize potential
‘new’ energy opportunities as defining their region, especially as a viable reuse strategy for surface
mined sites.

Figure 44. Working at the 4-H Camp at Glen Fork in Wyoming County, West Virginia with students
from Wyoming and McDowell County High Schools.

Business Planning for Sustainable Energy Park Development

Determining the feasibility of alternative energy development on surface mined lands in West
Virginia has been completed through an analysis of market and economic factors for biomass, solar,
and wind. Each energy type is reviewed as an independent opportunity to provide investors with a
background on the potential to develop each energy type as part of a SEP. The final decision on
which energy types are a part of the SEP will be largely driven by the economic conditions and access
to markets, as well as the local support and incentives for the development of a particular energy
type. A market and economic analysis of biomass, wind, and solar markets is provided below to
assist in evaluating SEPs for business planning and development purposes.

Market and Economic Analysis for Biomass

Identifying and understanding potential markets for switchgrass produced on surface-mined lands in
West Virginia includes a literature review focusing on production cost estimates, identification of
relevant facilities in the region, and a series of interviews with industry participants. A full report on
market opportunities for switchgrass in Appalachia is provided in Appendix L.

There are three opportunities to use switchgrass in energy conversion systems: 1) co-firing with coal
in power plants, 2) as the feedstock for cellulosic ethanol production, and 3) as a material for stove
pellets. None of these potential markets are presently developed, although substantial efforts have
been made to establish co-firing.

In terms of potential volume the best regional market opportunity is in co-firing with coal in power
plants. American Electric Power (AEP)-Ohio is currently capable of utilizing up to ten % biomass in
several coal-fired power plants. Through this research it has been made clear that in spite of a large
request for proposal issued by AEP in 2010 there are presently no stable markets for switchgrass in
the region. Some of the reason for a lack of market is due to the physical properties of switchgrass
and some is due to its uncompetitive production costs. The cost of producing switchgrass is a large
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barrier to taking advantage of this potential market. Material handling is an additional barrier to
widespread use that has been partially addressed by the industry.

In the electricity market, biomass must compete with wind power because renewable portfolio
standards do not contain a biomass mandate. Although both wind and closed-loop biomass receive
the same production tax credit of $22/MWh, wind is a resource with extremely low operating costs.
Utilities must still seek the energy that can be procured at the lowest cost to their customers or risk
being unable to fully recover costs.

Emerging Market Opportunities for Switchgrass

Biomass co-firing: In February 2010, AEP has implemented co-firing tests with grass pellets and
pellets pre-blended with coal. Pre-blended pellets have emerged as the preferred fuel but the cost of
the fuel to date has prevented AEP from considering long-term use at this time or entering into a
term deal with a biomass supplier. Table 13 summarizes AEP’s stated plant-level biomass
capabilities.

Table 13. AEP biomass supply specifications by plant (as of February 2010).

Plant Megawatt Maximum Maximum Maximum Acceptable
Capacity Chip Mesh | Pellet Size | Biomass Transportation
Screen Size (Inches) Blend (%)
Picway 100 MW 3 2in. 10% Truck
Muskingum 1425 MW 6 2in. 4% Truck, Rail
1,2,5
Muskingum Included with | 4 2in. 10% Truck, Rail
34 plants 1,2,5
Conesville 1300 MW 6 2in. 4% Truck, Rail
Gavin 2600 MW 6 2in. 4% Barge
Cardinal 600 MW 6 2in. 4% Barge, Truck,
Rail

Data Taken From AEP Biomass Coal Blend RFP (American Electric Power, 2010)

AEP has stated that they need to obtain biomass within the price range of $6.50 to $7/mmbtu to be
competitive with purchasing renewable energy credits in the market. The utility also stated that long-
term prices proposed to them have been in the range of $8 to $10/mmbtu for biomass (Banner,
2010).

Cellulosic Ethanol production: Nationwide there is little production of ethanol from switchgrass or
from any intentional energy crop. The closest production location is a 250,000 gallon pilot-scale
facility in Vonore, Tennessee. That plant is in the process of converting its feedstock from corn stover
to switchgrass as soon as it stabilizes the enzymatic process. Unfortunately, the distance to the
Knoxville area will prevent any West Virginia producers from supplying that facility, as plant
managers indicate they have ample access to switchgrass within 50 miles of the site.

A cellulosic ethanol-capable facility in Madison, Pennsylvania is presently using wood chips as its
feedstock. That facility uses a fuel-flexible gasification process and is capable of using switchgrass.
The plant is a research and testing facility run by Westinghouse Plasma Corporation. It is not a
dedicated ethanol producer. Both feedstock and product (electricity, steam or ethanol) are used and
produced according to customer request.

Stove Pellets: Stove pellets made from grass have not been marketed in the area, but there is an
established market for wood pellets. Demand for pellet stoves jumped in 2008, with some growth
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likely attributed to a federal tax credit for such purchases and some due to high natural gas and
petroleum prices. Whether these stoves are capable of burning grass pellets as effectively or
desirably as wood is uncertain, although some types of stoves are capable of burning multiple fuels.

Regional wood pellet manufacturers are presently not seeking alternative materials to use in
production and do not appear interested in switchgrass.

Wood pellet manufacturers in the area:
Hamer Pellet Fuel (based out of Kenova, West Virginia)

e Facility in Elkins, West Virginia

e Facility in Mount Hope, West Virginia

e Both plants manufacture a premium grade pellet made from hardwood sawdust
Lignetics

e lLocated in Glenville, West Virginia

Wood pellet retailers in the area:
e |owes - Currently carry wood pellets and wood stoves
o Home Depot - No longer carries wood pellets or stoves, but carried the products last year
e Kenny Queen Hardware
0 Lavalette, West Virginia
0 Carries wood pellets and stoves
e Other miscellaneous hardware stores throughout the state

Costs of Production

The costs of growing and transporting switchgrass apply to any of the three potential markets. The
cost of delivering a ton of switchgrass is used here as a proxy for the price a producer would have to
receive to break even.

Oak Ridge National Laboratory (ORNL) manages a large switchgrass growing operation in Tennessee,
the volume of which will be used in a cellulosic ethanol pilot refinery. Given the lab’s extensive
history with switchgrass production their cost estimates are among the best available. Using figures
compiled and published by ORNL (Oak Ridge National Laboratory, 2009) the cost of switchgrass
production is summarized below in Table 14.

Table 14. Switchgrass production costs.

Variable costs (Fertilizer) - Nitrogen, Phosphorus, Potassium and Lime = | $81.10/acre
$78.74/acre. With interest on variables costs = $81.10/acre.

Harvest Costs - Harvest costs are the sum of the mowing and conditioning plus the | $65.32/acre
combined operations of pickup and transport to the field edge. These costs include
the fixed costs of equipment: tractor, mower-conditioner, forage harvester, windrow
pickup head and high dump forage wagon. It incorporates hourly rates for specific
equipment plus acreage covered per hour.

Overhead - Overhead includes such items as: office expense; fuel, lube, and utilities | $13/acre
(not previously included in the machinery cost estimates); maintenance and repairs
on buildings; machinery and equipment (not previously included in the machinery
cost estimates); and farm insurance (not previously included in the machinery cost
estimates). ORNL uses the average of that published by the American Agricultural
Economics Association (AAEA) for corn, soybeans and alfalfa.

Land Rent - Using the state average for pastureland rather than for cropland. $12/acre

Total Production Costs: The study assumes a yield of 4.02 dry tons/acre, which | $34.28/ton
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places the total in-field production costs at $45.91/dry ton. With a yield of five | with  better
tons/acre, and using average pastureland rents, the cost improves. yield

Storage costs are based on outside storage on a prepared gravel surface with a | $12.86/ton
reusable tarp for cover. These are assumed to apply to the entire tonnage produced
and include expected dry matter loss of about 6%.

Transportation costs depend on distance to a pelletizing facility, represented by | $118,519
hours of use for a single flatbed tractor trailer. Estimated costs incorporate truck | per year
purchase cost, diesel fuel, labor and variable mileage costs and are based on a
range of miles traveled of between 45,000 ($80/hr) and 150,000 ($65/hr) per
year. This equates to a range of costs between $120,000 and $325,000 per year.

Estimated Total Production and Transport Costs - For switchgrass production of | $589,919
10,000 tons per year on a 2,000 acre plot.

Total Costs/Break Even Price per Ton - Given the assumptions above, this is the

price a facility would have to receive from a densification facility to break even. $59/ton

Compiled from data from (Oak Ridge National Laboratory, 2009)

Regional Facility Summary
The following facilities are involved in one of the three markets (Co-Firing, Cellulosic Ethanol
Production, Stove Pellets). As of the date of this report, none of these facilities are viable partners
because of distance, lack of interest in switchgrass or inability to support the cost of delivered
switchgrass pellets. Due to the fluidity of the fuel costs, and current economic conditions, the
facilities should be contacted prior to ruling them out as a viable partner for future endeavors.
e DuPont Danisco/ORNL cellulosic ethanol facility in Oak Ridge, Tennessee area.
e Wood pelletizing facilities (Kenova, West Virginia)
e American Electric Power coal-fired power plants that can accept switchgrass pellets,
preferably pre-blended with coal.
0 Cardinal Power Plant (Brilliant, Ohio)
0 Gen. James M. Gavin Power Plant (Cheshire, Ohio)
0 Conesville Power Plant (Conesville , Ohio)
0 Muskingum River Power Plant (Beverly, Ohio)
0 Picway Power Plant (Lockbourne, Ohio).
e Switchgrass pelletizing facilities - South Shore, Kentucky.
e Planned pelletizing facility - Catlettsburg, Kentucky.

A comprehensive report (Appendix L) describes the biomass industry, examines the current market
for cellulosic biofuels, pellet fuels and co-firing with coal for electricity production to identify demand
for switchgrass as a feedstock. Potential markets, competition within the market, and potential
barriers are addressed. Costs and benefits, including indirect community benefits, nutrient capture
from runoff, conservation, and CO2 sequestration are included.

Federal Incentives

Researchers gathered information on the Biomass Crop Assistance Program (BCAP) that provides
producers dollar for dollar match for the collection, harvest, storage, and transportation of eligible
biomass to designated biomass conversion facilities. BCAP provides financial assistance to
producers or entities that deliver eligible biomass material to designated biomass conversion
facilities for use as heat, power, bio-based products or biofuels. Initial assistance will be for the
collection, harvest, storage and transportation costs associated with the delivery of eligible
materials. Rulemaking is to move forward in the near future to fully implement BCAP.
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Market and Economic Analysis for Solar Industry

This task defines and quantifies the regional markets for solar and wind energy and provides
information regarding which market is the best fit for energy produced from the energy park. Work
under this task focused on developing an understanding of the primary drivers for purchasing solar
energy in the region and the availability of financial incentives.

Overview of the Solar Power Industry

Production and installation of solar electricity systems of various sizes and capacities has grown
sharply in recent years and continues to grow. There are approximately 40,000 MW of photovoltaic
(PV) capacity installed worldwide, with about 2,500 MW deployed in the United States (Cory,
Coggeshall, Coughlin, & Kreycik, 2009). In 2010, annual global PV module shipments exceeded
17,000 MW, a 120% increase over 2009, although going forward, research suggests that the growth
rate could subside to a forecasted 14% growth in 2011 and 20% in 2012 (Electric Power Research
Institute, 2011). Much of this recent growth was driven by stable federal incentives, largely tax
credits and cash grants provided through stimulus funding which were concentrated in the year
2010 (IREC, 2011).

Demand and Supply Trends

Demand for solar energy systems in the United States is concentrated in the West, with California
being the largest market with 28% of installed capacity in 2010 (Interstate Renewable Energy
Council, 2011). The country experienced tremendous growth in demand in 2010 for both small-scale
and larger, utility-scale installations due to both stimulus funding and state renewable portfolio
standards in states with a solar mandate and an alternative compliance payment in place. The
installed capacity of solar doubled between 2008 and 2010, with grid-connected systems now
dominating current deployment (National Renewable Energy Laboratory, 2011a). As recently as
2007 the number of off-grid systems was greater than the number of on-grid systems.

Most solar PV installations are residential. As of 2010, more than 139,000 of 154,000 PV
installations connected to the grid were residential (Interstate Renewable Energy Council, 2011).
Utility-scale solar systems have also been installed in greater numbers in recent years and dwarf
residential and average non-residential systems in size. Most of the 74 utility-scale systems - as
listed in a PV Insider report - are located in the southwest and Florida, but 17 are located in the
Eastern U.S. Additional projects are in the development stage.

Other industry trends include the increasing size of a solar system both for residential and non-
residential installations. For residential installations the average system size increased from around
3 kW in 2001 to nearly 6 kW in 2010. The average non-residential system increased from around
30 kW in 2001 to 80 kW in 2010 (Interstate Renewable Energy Council, 2011). The amount of
electricity generated by solar, tide and wave resources doubled during this time period (U.S. Energy
Information Administration, 2011).

Pricing Trends

The price of solar PV modules has declined steadily over the last 30 years, falling to nearly $2 per
watt in 2010 from $23 per watt in 1980 (NREL, 2011d). The cost of installed systems has fallen
from about $11 per watt in 2001 to around $7 per watt in 2010 for “behind-the-meter” or utility
customer-connected systems (NREL, 2011d). Larger systems, such as those evaluated in this report,
are considerably less expensive per unit than residential and small commercial systems due to
economies of scale and volume discounts. Systems sized between 500 and 750 kW cost $5.4 per
watt on average, while systems larger than one MW cost $5.2 per watt on average (NREL, 2011c).
Because of these economies of scale, larger solar facilities, such as those installed for or by utilities,
have lower costs of electricity production compared to smaller systems.
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Technology has also increased the efficiency of solar panels somewhat. Demonstrated cell efficiency
for all types of solar modules has increased over the years, but commercially available modules
typically do not reach more than 14% efficiency for crystalline systems and 11% efficient for thin film
systems (NREL, 2011d).

The supply of solar panels manufactured in Asia has been one driver of reduced systems costs for
consumers in the U.S. In 2010, 59% of all PV cells were produced in China and Taiwan (NREL,
2011b). In 2011, low-priced panels induced a “dumping war” of solar manufacturing products
between the United States and China when the United States Department of Commerce stated that
it was considering countervailing import duties against Chinese PV module producers, a move that
benefited manufacturers in Taiwan (PVTech, 2012). According to the Solar Energy Industries
Association (SEIA), U.S. solar PV manufacturers produced 1,100 MW of panels in 2010, nearly
double that of 2009 (NREL, 2011c).

Types of Systems

There are several ways to convert solar energy into active useful energy, with the primary method
used to produce electricity from moderate and low-grade solar resources being systems of
photovoltaic (PV) cells. Passive solar energy also provides heating and lighting uses, but only active
energy — conversion into electricity or high-temperature thermal energy - is discussed here.

There are three primary types of solar panels: monocrystalline, the less efficient polycrystalline and
the even less efficient thin film or second-generation PV (NREL, 2011d). Thin film panels have no
crystalline structure and can be applied as a film directly on various materials (Power-Talk.net,
2010). Semiconductor materials such as copper indium diselenide and cadmium telluride (CdTe) are
connected to the same metal conductor strips used in crystalline cells but are less fragile and thus
have lower manufacturing costs and can be produced more quickly. Crystalline wafers are about 200
microns, whereas thin film panels are made by vacuum depositing several layers of semi-conductor
materials only a few microns thick. Silicon in its pure form makes up about 50% of the cost of
crystalline panels relative to the semiconductor cost of about two % in thin film panels, making
manufacturing costs for thin film cells considerably less than those of crystalline cells (Solar Cell
Central, 2010). In addition, because they can be applied in thin layers to different materials they can
be made flexible (Power-Talk.net, 2010). Thin film panels are the least efficient type of solar panel
currently available, a factor that must be considered in exchange for lower costs. CdTe thin film cells
accounted for about six % of cell production in 2010 (Solar Cell Central, 2010).

Other types of solar electricity systems include concentrator photovoltaic systems (CPV) and
concentrated solar power (CSP) systems. CPV systems are highly efficient (40 %) and operate best in
areas of concentrated sunlight. The goal of such systems is to provide high energy yield at low cost
for the high solar resource regions of the world (SolFocus, 2012). CSP or “focused sunlight” uses
mirrors or lenses to concentrate a large area of sunlight onto a smaller area of panels (for collection).
This type of system of solar panels is widely commercial and contains three different techniques:
trough systems, power trough systems, and dish engine systems (Argonne National Laboratory,
2011).

PV systems are most applicable to solar insolation found in geographies like West Virginia. For this
analysis, a thin film system is assessed as it may have the lowest cost, although recent reports state
that average installed costs were nearly identical for crystalline and thin-film systems larger than
100 kW (Lawrence Berkeley National Laboratory, 2011).
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Solar Incentives

There are several types of financial incentives available for purchasing solar systems at the state
and federal levels. These include tax credits, grants, loan programs and solar renewable energy
credits (SRECs) tied to solar mandates within renewable portfolio standards.

Federal Incentives

The Energy Policy Act of 2005 (EPAct) increased federal incentives for solar energy for nonresidential
installations and extended the investment tax credit (ITC) to residential installations. The ITC cap
was removed by the Emergency Economic Stabilization Act of 2008 and the ITC extended 2016.
This same act also made utilities eligible for the credit (Cory, Coggeshall, Coughlin, & Kreycik, 2009).
This federal incentive allows individuals and corporations, including utilities, to receive an uncapped
tax credit equal to 30% of the cost of the PV system. This incentive is set to expire at the end of
2016.

The American Recovery and Reinvestment Act (ARRA) initially allocated funds for solar energy
projects placed in service or under construction by 2009 or 2010 although the Tax Relief,
Unemployment Insurance Reauthorization, and Job Creation Act of 2010 extended the program for
projects under construction by December 31, 2011 (Database of State Incentives for Renewables
and Efficiency, 2012). Currently, tax-paying corporate entities are eligible to apply for a grant until
October 1, 2012 (NREL, 2011c).

The Modified Accelerated Cost Recovery System (MACRS) allows investors to depreciate certain
investments in solar power on their federal tax return using a 5-year accelerated depreciation
schedule. This allows solar equipment to qualify for 5-year, double-declining-balance depreciation.

The stimulus-provided cash grant program was a stronger incentive for solar installations than the
existing federal tax credit (IREC, 2011).

State Incentives

West Virginia does not presently provide any grants, however it does offer a tax credit for 30% (up to
$2,000) of residential installation cost for solar PV and hot water (Database of State Incentives for
Renewables and Efficiency, 2012). This incentive does not currently apply to commercial
installations so it is not applicable to this project.

The State of West Virginia does allow solar PV projects to be net metered.

Solar renewable energy credits

Solar renewable energy credits (SRECs) have come to play a very important role in the demand for
and utilization of solar energy. SRECs are state-specific markets for electricity generated by solar
energy and are tied to state mandates that solar energy comprise a portion of renewable portfolio
standards. Typically, one SREC is issued for each MWh of electricity generated from a solar electric
system. The price of an SREC is tied to the rate required to be paid for non-compliance, a solar
alternative compliance payment (SACP), and the existence of a SACP. Another important factor is
whether the state SREC market is open or closed to systems installed outside of the state.

Regional states with SREC markets are New Jersey, Pennsylvania, Delaware, the District of Columbia,
Maryland and Ohio. The State of North Carolina has a solar mandate but has no alternative
compliance payment requirement and thus has no real market for SRECs, and only out-of-state
systems registered prior to January 31, 2011, can continue to sell SRECs in the Washington, DC
market (Table 15). Most of these states are closed to participation by outside systems. Ohio allows
participation by bordering states only at an amount equal to 50% of the solar set-aside. Pennsylvania
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is the only state whose SREC market is currently open to all states within the PJM Regional
Transmission Organization region (Flett, 2012).

It has been stated that, in the case of Pennsylvania, market inclusiveness combined with lack of a
firm SACP level has caused an oversupply of SRECs and suppressed prices. The Pennsylvania SACP
is 200% of the average market value of SRECs sold in that energy year and is not disclosed until six
months after the close of the energy year (Flett, 2012). New Jersey, on the other hand, has pre-set
prices for SACPs. State legislatures are responsible for setting SACPs and some states adjust
portfolio goals in an effort to keep prices high and avoid volatility, a role that some would argue is
inappropriate for a governing body.

Table 15. Range of prices for regional SREC markets ($/MWh).

STATE 2012/2013 | 2012 2011 2010 Market Open To
Compliant?

Delaware Yes/No $40-$60 $60-$260 | $200 - $300 | Delaware only

Washington, | No/No $240-300 $20-$325 | $250- $405 | District of Columbia

DC only

Maryland No/No $170-$218 | $175-$320 | $320- $390 | Maryland only

New Jersey Yes/Yes $155- $245 | $550-$670 | $640 - $660 | New Jersey only

Ohio Yes/Yes $30-$285 $30-$400 | $290 - $400 | Indiana, Michigan,
Ohio, Pennsylvania
and, West Virginia

Pennsylvania | Yes/Yes $16 - $20 $10-$250 | $200- $310 | District of Columbia,

Delaware, lllinois,
Maryland, North
Carolina, New
Jersey, Ohio,
Pennsylvania,
Virginia, West
Virginia

Sources: (SRECTrade, 2011) and (Flett, 2012).

These prices in Table 15 show that the only potential markets that a solar PV system in West Virginia
may be able to sell into are Ohio and Pennsylvania and that prices that can be expected to be
received with certainty may be no more than $16 per MWh, or 1.6 cents per kWh, and could possibly
be lower. As of May 2012, state solar portfolio requirements for 2013 are also already exceeded for
both Ohio and Pennsylvania. SACP levels also decline over time and thus the value of new credits
can be expected to decline each year. This greatly reduces the opportunity for a third party to
profitably invest in a solar facility in West Virginia, Ohio or Pennsylvania. Financials that are based
on receiving an SREC payment of $200 to $250 per MWh (20 to 25 cents per kWh) are potentially
overestimating potential revenues by a factor of three, depending on the rate that the system owner
would get from its utility net-metering arrangement.

Utilities generally do not purchase SRECs in contracts longer than three years. Small solar facilities,
such as those on homes and smaller commercial installations may be able to get longer contract
through intermediate parties that then resell the credits, but large facilities carry more risk when in
long-term arrangements (SRECTrade, 2011).

Regional Markets for Solar Electricity
In the Eastern U.S., the market for solar electricity is driven largely by state portfolio standards and
federal and state tax credits and other financial incentives. Markets for SRECs have made installing
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solar systems affordable for many homes and businesses in the region. SRECs are supported
through utility mandates and these costs are passed on to electricity customers in those districts.
However, in most states Renewable Portfolio Standards requirements are primarily met with wind,
legacy hydropower, and landfill gas generation (Kubert & Sinclair, 2010).

The supply of electricity in the region is highly interconnected. Reliability is ensured by a large
number of utilities and coordinated by the PJM Interconnection, which operates wholesale electricity
markets for the large majority of the electric grid in the immediate 11-state region. Because of this
interconnectedness, and the fact that most states are not net generators of electricity, demand for
and supply of electricity is regional. Demand for solar-powered electricity is somewhat less regional
due to the closed status of many state-level SREC markets.

The inclusion of large solar PV systems in the grid is relatively new, but these units are treated like
any other grid-connected generator. However, because solar energy is a variable resource it does
receive special scrutiny by the system operator to ensure that it does not create over-supply of
electricity or compromise the availability of operating reserves. PJM pays special attention to
dispatch protocol for variable generation, such as wind and solar, to ensure fairness to those
generators as well as to ensure system reliability. For example, PJM allows utility-scale wind and
solar facilities to submit generation bids at negative prices in the wholesale market to distinguish
themselves from other generators on the system.

Non-utility electric generators, such as the McDowell system under evaluation would likely be, are
guaranteed access to the transmission system of the local utility at long as that interconnection does
not overload the capacity of the line. This access is granted via the Federal Energy Regulatory
Commission’s (FERC’s) Open Access Transmission Tariff (OATT) legislation, which has the goal to
“remove impediments to competition in the wholesale bulk power marketplace and to bring more
efficient, lower cost power to the Nation's electricity consumers” (Federal Energy Regulatory
Commission, 2010). While the wholesale electricity market would not be lucrative enough to justify
investment in the solar array, the system could purchase access to transmission and thus be able to
“deliver” electricity to a customer in another state with whom it had a power purchase agreement
(PPA). A facility like this that is not a net-metering customer would have to apply for interconnection
with the local utility and the PJM Interconnection, whereas a net-metering customer could by-pass
PJM as long as it did not plan to participate in the PJM marketplace (Public Service Commission of
West Virginia, 2010).

Solar Financing

The ability to obtain financing to purchase a solar PV system depends on the future income stream
from the facility. In West Virginia, net metering law allows a commercial facility to sell up to 500 kW
of power back to the utility (Public Service Commission of West Virginia, 2010). Thus, for this type of
arrangement the income stream from the facility is the commercial rate for a kWh of electricity
multiplied by the output of the solar array. The existence of a net metering law can assist with the
ability to get the funds to purchase the capital equipment.

Federal and state incentives have been an important part of financing solar because they reduce the
upfront cost of the system and the amount of money that must be financed. Because many
incentives are tied to tax credits only tax-paying entities can take advantage of the credits.
Innovative financing methods such as New Markets Tax Credits can allow public entities without a
tax liability to take advantage of such incentives by partnering with a private firm with a tax liability.

The use of a purchase power agreement (PPA) has been a growing way to finance projects. A PPA is

an agreement from a utility or a qualifying non-utility electricity consumer to purchase the output of
the facility at a specific rate. The existence of such an agreement allows the project developer to
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acquire capital to build the facility. In 2007, an estimated 50% of installed capacity was developed
under PPA agreements, up from 10 % in 2006, with the share projected to grow to 65-75 % of the
market.

Federal Demand for Renewable Electricity

The United States federal government is the largest single energy consumer in the nation,
accounting for about 1.5 % of primary energy consumption in recent years (Cory, et al., 2009). The
Energy Policy Act of 2005 mandates that federal agencies use renewably-generated electricity in
amounts not less than 7.5% in fiscal year 2013 and each fiscal year thereafter (Cory, et al., 2009).
This mandate includes double credit for every kWh generated onsite.

The U.S. Department of Energy has produced a guide for Federal agencies called “Procuring Solar
Energy” that provides information on planning for agencies interested in purchasing or installing
solar systems (USDOE/Energy Efficiency & Renewable Energy, 2010). There are various options for
structuring the financing of PV on federal facilities and land including the Energy Saving Performance
Contract (ESPC), Super ESPC, Utility Energy Services Contract (UESC), and the third-party PPA
ownership model (Cory et al., 2009).

A UESC is an alternative to a direct federal purchase. Under a UESC the local utility provides the
agency with comprehensive energy efficiency and demand-reduction services, which can include
solar installation. As Appalachian Power Company has a commercial energy efficiency program in
place this alternative may be worth exploring. Under this model Appalachian Power would own and
operate the system and thus be able to take advantage of the tax benefits (U.S. Department of
Energy, 2011b). Under this structure, when PV is bundled with energy efficiency activities, federal
energy intensity reduction mandates can also be furthered, which improves cost effectiveness (Cory
et al., 2009).

There are many elements of a system that would need to be considered and the cost of a PV system
combined with the relatively low insolation received in West Virginia may not produce a viable
project.

Market and Economic Analysis for Wind Energy

Market Analysis for Wind Industry

This task defines and quantifies the regional market for wind energy and provides information
regarding which market is the best fit for energy produced from a SEP. Work under this task focused
on developing an understanding of the primary drivers for purchasing wind energy in the region and
the availability of financial incentives. Financial modeling was designed to evaluate the different cost
outcomes of developing a plant in the project area with various combinations of available incentives
and two potential wind speeds.

At the end of 2011, West Virginia was 20t in installed wind capacity among the United States.
Regional demand for wind energy is driven almost entirely by the Federal production tax credit and
state renewable portfolio standards (RPSs). Due to its relatively low cost compared to other types of
renewable energy, and its availability, wind is the primary non-hydro resource used to comply with
most state RPSs.

Overview of the Industry

As of the end of 2010, total installed wind capacity in the U.S. stood at around 40 GW. By the end of
March 2012 installed capacity was nearly 49 GW, with an additional 8.9 GW under construction. The
year of maximum wind capacity installation was 2009, when 10 GW was added (American Wind
Energy Association, 2012). Going forward, the level of installations will depend substantially on
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federal incentives, although recent forecasts of global wind power development project a doubling of
installed capacity between 2010 and 2014 (Electric Power Research Institute, 2011).

Demand and Supply Trends

Wind energy provided 2.9% of electricity generated in the U.S. in 2011, up from 2.3% in 2010
(Energy Information Administration, 2012). In states with high wind resources wind provides a larger
share of electricity. In South Dakota for example, wind generated more than 22% of all electricity
produced in the state in 2011 (Energy Information Administration, 2012).

Texas leads in installed wind capacity with 10.7 GW. lowa, with 4.4 GW, and California, with 4.2 GW,
have the second and third largest capacity. Wind installations tend to be higher in the mid-west wind
corridor, where output per turbine is higher (Table 16).

Table 166. Installed wind capacity and generation in regional states as of the end of 2011.

State Installed Capacity | State Rank | % of In-State MWh | % of In-State MWh

in 2011 in 2010 in 2011
Delaware 2 MW 37th 0.05% 0.04%1
[llinois 2.7 GW 4th 2.21% 3.15%
Indiana 1.3 GW 13th 2.34% 2.72%
Maryland 120 MW 28th 0.00% 0.76%
New Jersey 7.5 MW 36th 0.02% 0.02%
New York 1.4 GW 12t 1.90% 2.06%
Ohio 112 MW 29t 0.01% 0.13%
Pennsylvania | 789 MW 15t 0.81% 0.86%
West Virginia | 584 MW 20t 1.16% 1.39%
1Data not published. %age is based on same output as in 2010.

Sources: (Wind Powering America, 2012; American Wind Energy Association, 2012; and Energy
Information Administration, 2012).

Over the last few years a continuing industry trend has been toward larger average nameplate
capacity, hub height, and rotor diameter of installed wind turbines (NREL, 2011a). Some of the
reason for this is to serve lower-wind-speed sites, which require larger rotor diameters to be feasible.
Larger sized turbines have contributed to higher capacity utilization of wind facilities as higher wind
speeds can be accessed with taller towers. Average capacity factors have declined somewhat in
recent years due to the need to curtail wind output in some electricity markets and development of
lower-quality wind in some areas (NREL, 2011c).

The use of recommended processes to more efficiently integrate wind energy into the electricity
transmission system is expanding. Ubiquitous recommendations such as consolidated balancing
areas, expansion of forecasting, and intra-hour scheduling are being implemented more broadly.
The FERC recently mandated that transmission providers offer 15-minute transmission scheduling
(FERC, 2012).

Contrary to solar panel supply, wind component supply has trended toward U.S. production rather
than away (Figure 47). It is reported that nine of the eleven largest wind turbine manufacturers in
the U.S. market had one or more manufacturing facilities in the United States in 2010 (NREL,
2011c¢).
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Figure 45. U.S. electricity generation by non-hydro renewable resources (billion kWh).

Pricing Trends

Wind turbine prices doubled between 2002 and 2008, and then fell through most of 2011. Since
mid-2011 prices have been rising, largely in response to a demand increase tied to expiration of the
federal grant program (Lawrence Berkeley National Laboratory, 2011). Total installed costs are a
function of turbine capital costs as well as development costs, interconnection costs and
construction costs.

The levelized cost of energy (LCOE) is a key metric for evaluating project cost as it calculates the cost
of producing a unit of electricity based on a project’s total installed costs, including financing, plus
operating costs. The LCOE produced from a wind facility ranges from around $60/MWh for onshore
systems with high-quality wind to about $152/MWh for offshore systems (Lantz, Hand, & Wiser,
2012), (Electric Power Research Institute, 2011).

Types of Systems

Conversion of wind’s kinetic energy into electrical energy is a function of the density of the air, the
swept area of the turbine rotor and the velocity of the wind. The power of wind varies proportionally
with the cube of the wind speed; thus, a 25% increase in wind speed causes a doubling of the power
contained in the wind (EPRI, 2011). This illustrates the root of the continuing trend toward building
taller and larger turbines.

Wind turbine generators (WTGs) are an established and widely commercially available technology.
What is changing about WTG systems is the ability to include components that make them behave
more like conventional generators that also provide essential grid services. Wind facilities are now
required to provide low-voltage ride-through during grid faults, and the ability for WTGs to be grid
synchronous also exists but is not required.

Other technological trends in WTG components include the increased use of variable-speed turbines

and potential use in combination with the ability to provide reactive power to the grid (EPRI, 2011).
There is also much discussion about switching from gearbox-powered turbines to direct-drive
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generators as a strategy to reduce maintenance requirements, although this is considered an
unconventional technology and is still in testing (EPRI, 2011).

Management of wind facility output is becoming more heavily monitored. The use of supervisory
control and data acquisition (SCADA) systems is an essential part of operation as facilities must
communicate with the grid operator in real-time regarding their availability and production capability.
Use of forecasting software is also becoming more important. The Federal Energy Regulatory
Commission (FERC) recently ordered wind facilities to share their forecast and status data with
transmission providers (FERC, 2012) to smooth the integration process.

Wind Incentives

There are several types of financial incentives available for installing wind systems at the State and
federal levels. These include various tax credits tied either to production or capacity, direct grants
and loan programs. Several incentive programs that were tied to stimulus funding are no longer
available.

Federal Incentives

The Federal Production Tax Credit (PTC) is a corporate tax credit available for electricity generated
from wind resources that applies to the first ten years of facility operation. It is currently 2.2 cents
per KWh for wind, geothermal and closed-loop biomass systems. The in-service deadline for wind
facilities to qualify was December 31, 2012. Other types of resources have an additional year before
eligibility expires (Database of State Incentives for Renewables and Efficiency, 2012). The PTC was
first enacted by the Energy Policy Act of 1992, which originally applied only to wind energy, closed-
loop biomass, and poultry-waste energy resources.

The ARRA of 2009 allowed taxpayers eligible for the federal PTC to take the federal business energy
investment tax credit (ITC) or to receive a federal grant instead of taking the PTC for new
installations. Like the PTC option, the ITC option is available through December 31, 2012. The grant
was only available to systems where construction began prior to December 31, 2011 (Database of
State Incentives for Renewables and Efficiency, 2012).

Wind facilities also qualify for the same Modified Accelerated Cost Recovery System (MACRS) 5-year
accelerated depreciation schedule as do solar facilities. This allows wind equipment to qualify for a
5-year, double-declining-balance depreciation (Database of State Incentives for Renewables and
Efficiency, 2012). Small wind facilities, with capacities of 100 kW or less, are eligible for a separate
ITC. The primary incentive is a 30% corporate tax credit per kW of installed wind with no maximum
amount.

State Incentives

No states have an explicit carve-out for wind energy production as many do have for solar energy
production. However, most states in the region have enacted a set of financial incentives directed
toward wind development. For utility-scale wind these include exempting wind facilities partially or
entirely from property taxes, exempting the purchase of turbines from sales tax and establishing
special corporate tax rates. For small-scale wind systems most states have additional incentives,
including income tax credits for purchases, and special loan and grant programs through utilities or
in some cases the states themselves.

In addition, most states in the PJM region have a RPS which has had some influence on creating
buyers for wind-generated electricity. West Virginia provides a partial property tax exemption for
commercial wind systems, by allowing a percentage of the facility to be valuated at salvage value.
The state has also set special business and occupation (B&O) tax rates for wind output.
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Regional Markets for Wind Energy

Regional demand for wind energy is driven almost entirely by the Federal PTC and state renewable
portfolio standards. Due to its relatively low cost compared to other types of renewable energy, and
its availability, wind is the primary non-hydro resource used to comply with most state RPSs. The
recent growth of wind-powered electricity production in the United States, relative to other forms of
renewable energy, is illustrated in Figure 47.

Regionally, wind-powered generation has grown similarly, with a pattern that closely matches the
national trend. The following figure describes the growth in wind output for the states of Ohio,
Maryland, Pennsylvania and West Virginia (Figure 48). As of 2012 there were no utility-scale wind
generators in the states of Kentucky or Virginia.

Wind Generation in MD, OH, PA & WV (million kWh)
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Figure 46. Wind generation in Maryland, Ohio, Pennsylvania and West Virginia.

Regional states with renewable and alternative portfolio standards allocate credits for purchase of
wind energy to utilities that are required to meet the standards. Credits associated with the output of
an individual wind facility may be purchased by multiple states within the region. The following table
describes the allocation of wind energy to the eight states within the PJM that have enacted some
sort of portfolio standard requiring accounting of renewable energy credits for which wind is eligible,
including small residential and commercial systems (Table 17). In some cases the output of a wind
facility - such as Beech Ridge in West Virginia - may be allocated to all eight states based on partial
purchases of the underlying output credits. Some utility-scale facilities such as Fowler Ridge in
Indiana may also be divided into parts, with more than one entry for plants with the same name. For
example, West Virginia is one of eight states allocated credits for part of the Beech Ridge project in
West Virginia and one out of six parts of the Fowler Ridge project, and is one of seven states
allocated credit for purchasing parts of two out of four phases of the Grand Ridge project in lllinois.
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Table 17. Number of wind projects included in state portfolio standard accounting.

State # Wind Projects in Portfolio
Delaware 52
District of Columbia 30
lllinois 126
Maryland 44
New Jersey 80
Ohio 37
Pennsylvania 58
West Virginia 4

Source (PJM, 2013)

Wind Financing

Compared to a couple years ago, the climate for wind financing by the private sector is reported to be
improving, including the ability to get a purchase power agreement (PPA) for the output of a facility.
The ability to get financing is often dependent on having a PPA in place. It is reported that as of the
end of 2010 there were 16 third-party tax equity providers willing to be partners in wind financing
deals (National Renewable Energy Laboratory, 2011d).

PPAs have not been available for all plants and some must primarily sell their power in the wholesale
market. Within the wholesale market, power prices are not guaranteed at a certain level and the
facility thus receives only the locational marginal price for electricity in their area, which varies by
time of day and season. Average wholesale power prices for the PJM region have recently been in
the range of 3.5 to 4.5 cents per kWh on an annual average basis, as reported by day-ahead trades
made by the Intercontinental Exchange (U.S. Energy Information Administration, 2012). This amount
is lower than the average of trades reported for 2011.

To date, utilities own or buy power from 64 % of all wind power capacity in the United States, with
merchant or quasi-merchant (merchant plants seek revenue from the wholesale electricity market
and may engage in short-term financial arrangements to hedge spot market revenues, while quasi-
merchant plants also have a minimum revenue guarantee relationship with another firm that covers
certain fixed costs (Woodhouse, 2006) projects accounting for 25 % and power marketers 10 % of
capacity (NREL, 2011a). Low natural gas prices have suppressed wholesale electricity prices and
reduced the number of developers willing to operate as merchant plants (NREL, 2011a).

PPAs for wind plants in the East (defined as the States of Tennessee, Kentucky, North Carolina,
Virginia, West Virginia, Pennsylvania, New Jersey, Maryland, Delaware, and New York) averaged
about $70/MWh for projects built between 2007 and 2010, and were the third highest compared to
other areas in the U.S. The range of prices for nine sampled Eastern projects was $60 to about $86.
For the Great Lakes region (defined as the States of Ohio, Michigan, Indiana, Illinois and Wisconsin)
PPAs averaged about $62/MWh, with a sampled range of $50 to $108 (NREL, 2011c).

The ability to obtain financing for wind projects in 2013 and beyond will depend on the extension of
the federal tax incentives and the nature of the extension. The investment tax credit (ITC) has been a
more favorable method of financing compared to the production tax credit (PTC). The presence of the
stimulus-funded cash grant option also likely enticed some tax equity partners to participate who
would not be interested in the PTC option.

Federal Demand for Renewable Electricity
Wind qualifies for the same credits that solar does under The Energy Policy Act of 2005, which
mandates that federal agencies use renewably-generated electricity in amounts not less than 7.5%
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in fiscal year 2013 and each fiscal year thereafter (Cory et al., 2009). This qualification includes
double credit for every kWh of wind energy generated onsite of a federal facility. However, the site
chosen for wind analysis in this project is not federal property.

Geothermal

Scientific Report on Geothermal Potential in West Virginia

A scientific report completed by Southern Methodist University, funded by a grant from Google.org,
identified West Virginia as an area of high geothermal potential relative to the East Coast (Blackwell,
Frone, & Richards, 2012).
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SEP Marketing Plan and Activities

Marketing for the development of a SEP on mine-scarred land in Appalachia is multi-faceted and
includes generating market data for specific alternative energy types on specific sites which can be
presented and discussed as a viable opportunity for redevelopment of former mine sites
(brownfields) as SEPs.

Project Marketing Activities: Presentations and Meetings
The Market Strategy includes making presentations to local, regional, and national groups.
Presentations and events where this project was highlighted are described below.

SEP Showcase - 2012

The Sustainable Energy Park Showcase Event was held on September 5, 2012, at Glade Springs
Resort and Conference Center in Beckley, West Virginia. Titled the “Renewable Energy Showcase,”
this event was a major component of the 2012 West Virginia Brownfields Conference with over 175
participants. The agenda for the Conference is provided below (Figure 49).
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Redevelopment Projects Updates
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) o Brownfields FOCUS Showcase Banquet
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Figure 47. 2012 West Virginia Brownfields Conference Agenda.

During the conference a panel of project stakeholders presented project results along with a brief
background on the processes. Master plan visualizations were delivered through: Poster layouts
describing the planning process, planning narrative, plans, sections and illustrative drawings;
animated fly-through visualizations; and digital three-dimensional model in compatible formats. A
short video of the highlights of the proceedings is included as a CD attachment found in Appendix M.
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Annual West Virginia State Brownfields Conferences

The West Virginia Brownfields Conference is the statewide event that combines exceptional
educational programs with outstanding networking opportunities between communities,
development professionals and service providers. The conference is hosted annually by the West
Virginia Brownfields Assistance Centers at West Virginia University and Marshall University in
cooperation with the WVDEP, West Virginia Development Office, the Air and Waste Management
Association as well as event sponsors. The audience attending the annual State Brownfields
conferences includes community stakeholders, state agencies, federal agencies (including NREL),
interested developers, bankers, legal/attorneys, local government officials, and private businesses.
The conference is typically a 2-day event held in a different part of the state each year. It is the
largest Brownfields gathering in the state.

Continued educational efforts included a presentation on the SEPs project at the 2009 West Virginia
State Brownfields Conference, Morgantown, West Virginia, September 1, 2009. In addition, outreach
was provided to landowner and mining stakeholder groups through other conference presentations.

Project researchers from Marshall University presented project findings related to SODAR wind
readings at sites within West Virginia at the 2010 State Brownfields Conference in Charleston, West
Virginia, September 8, 2010.

On September 14-15, 2011 in Morgantown, West Virginia, 160 attended the 2011 West Virginia
Brownfields Conference where this project was featured as part of a Poster Session. The display
focused on the project's conceptual ideas as well as progress to-date including the GIS database,
and economic analysis of the Park's components. As West Virginia and the nation look to move
beyond coal and to sustainable energy forms, this project continues to generate local and regional
interest.

2011 National Brownfields Conference

Project researchers attended the National Brownfields Conference in Philadelphia, Pennsylvania
April 3-5, 2011. A project presentation was made and flyers on the project were disseminated. In
addition, a special session for West Virginia delegates was held and over 50 attended. A poster was
also developed and displayed as a visual aid in the West Virginia Section of the Region Il booth at
the Conference.

West Virginia Wind Group Meeting - 2010

Project staff attended the West Virginia Wind Group Meeting held on October 19, 2010, at Canaan
Valley Resort and Conference Center. Project staff participated in networking opportunities with
participants to discuss project progress being made on the portfolio of SEP sites. Project staff also
benefited from discussions with private sector wind companies, and communities in attendance
regarding their future participation in the development of a SEP.

Geothermal Energy Expo 2010 Conference and Expo

Project staff joined the West Virginia Division of Energy to be a part of the West Virginia Delegation
for the Geothermal Energy Expo 2010 Conference October 24-27, 2010, in Sacramento, California.
More than 2,500 attendees from 42 different states and 13 different countries came together in
Sacramento for the annual Geothermal Energy Association (GEA) Geothermal Energy Expo, the
largest gathering of geothermal energy leaders in the world. This was an opportunity for the project
staff to learn about the possibility of including geothermal as another possible alternative energy
source on mine-scarred land and for use in the SEP.
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West Virginia Governor’'s Energy Summit - 2010

On December 7, 2010, project staff attended the West Virginia Governor’'s Energy Summit at
Stonewall Resort and Conference Center in Roanoke, West Virginia. During this event, project staff
met with industry and regulatory stakeholders to discuss how to engage industry (coal and natural
gas) sectors related to the development of SEPs. The coal and natural gas sectors play an important
role due to land leases and mineral rights.

Energy Research Open House at West Virginia University - 2010

On December 10, 2010, project researchers set up a project poster at a West Virginia University
Energy Research Open House held at the National Research Center for Coal and Energy at West
Virginia University. The audience consisted of academia, private consultants, and industry personnel.

World Construction Energy Group

In June 2010, project researchers had multiple meetings with the World Construction Energy Group
regarding the potential use of a brownfield location in Hampshire County for a biomass facility
utilizing switchgrass as a feedstock. The switchgrass to be used as a feedstock in this situation was
planned to be grown on privately held mine-scarred land in the Hampshire Hill area of Hampshire
County. As of this final report, the World Construction Group has not contacted our research team
since seeking additional project financing.

Land Use Planning Workshop - 2009

Researchers met with Jeff Wood, West Virginia Division of Energy (WVDE), September 23, 2009,
regarding which counties have Land Use Master Plans (LUMPs) in place versus which counties need
plans. Researchers reviewed plans and assisted counties in the development of these plans.
Information related to potential sites with energy-based economic development on mine-scarred
lands opportunities were used in this study. A Land Use Planning Workshop to assist county
representatives in need of a plan was held December 9, 2009, at the Bridgeport Conference Center
in Bridgeport, West Virginia.

Project researchers have researched LUMP legislation and compiled documents for distribution to
agencies responsible for individual counties. In addition, data has been collected on each county to
be added to each county LUMP. A two page document has been prepared that lists frequently asked
questions and summarizes the purpose of a LUMP, how it benefits a county, and what is contained
within a LUMP. A LUMP template has also been created including a table of contents and all
required sections of a complete LUMP. Instructions have been included in each section to be
completed by the county. Multiple sections have been completed including county wood byproduct
data, wind data, surface mine data, and county road data.

Site-specific Market and Environmental Studies

The following studies examine the markets for each sustainable energy type at the site level in West
Virginia. This information will provide potential investors more detailed information about the
opportunities in Appalachia, including the McDowell County Pilot site.

Site-specific Market Study - Biomass

Biofuel is an underutilized energy resource throughout the U.S. and one that could contribute toward
meeting societal goals of ecological sustainability and increased energy independence. Overall
benefits to a rural community of producing biofuel are increased economic activity, improved air
quality through carbon sequestration, improved water quality through nutrient absorption, and land
reclamation through soil build up. If reasonable yields can be established, it is also a good use of
low-cost marginal land. Researchers evaluated the potential for biofuel establishment and yields on
marginal lands at the former McDowell County Indian Ridge former mine site in southern West
Virginia.
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Project Overview: McDowell County Indian Ridge Site

The former mine site, Indian Ridge, was identified for initial evaluation of biofuel growth potential.
The Indian Ridge surface operation, located northeast of Welch, West Virginia was a large mining
complex operated by Justice Highwall Mining, Pinnacle Mining Company, and other operators. The
mining permits were held under the following companies: Shannon Pocahontas Mining Company,
Tug Valley Coal, Kentucky Fuel Corporation, Southern Minerals Inc, and Pinnacle Mining Company.
The facility names that were available from the WVDEP’s Division of Mining and Reclamation mining
permit boundaries file included: Puncheoncamp Thin Seam Mine, Puncheoncamp Thin Seam Mine
#2, Upper Shannon Branch Mine, and Upper Shannon Branch Mine Mine #2. A majority of the
permits within the Indian Ridge property boundaries are listed as completely released or under a
Phase | release, with a few listed as new or renewed permits.

The total acreage for the McDowell Indian Ridge site is approximately 5,692 acres based on parcel
data provided by the McDowell County Economic Development Authority. When the initial site
screening was conducted, the McDowell County site was included in the list of 612 Candidate sites.
We then applied these criteria from our biomass market studies:

e  Minimum Open land >10 acres
Slope 10-15%
Distance to Processing Facility <150 miles
Distance to Road < 5 miles

When taking into account the biofuel screening criteria that can be found in the Prioritization Tool,
the site shows approximately 224 acres available for biomass, which could potentially yield 1,344
tons of biomass per year. Funding for a potential pilot study on the Indian Ridge site in McDowell
County, West Virginia to plant switchgrass and Arundo has been leveraged from the WVDEP and the
Appalachian Regional Commission (ARC) through the West Virginia Division of Energy. A subset of the
total available 224 acres is being planned for planting in the spring of 2013.

Additional Market Information from a Market Analysis at Other Sites

The results from the findings of the site specific study of biomass at the Indian Ridge site have been
supplemented with results from a similar study at the Coal-Mac mining location in Holden, West
Virginia and at the Alton site in Upshur County, West Virginia. An abandoned mine site, Coal-Mac,
was identified early in the project for initial evaluation of biofuel growth potential. The Coal-Mac
surface operation, located in Holden, West Virginia is a large mining complex operated by Arch Coal,
Inc. There are several active and released permits within the site boundaries. Researchers utilized
several acres on the Phoenix Il permit area for the purposes of this project. An area of freshly placed
brown soil material was used for Arundo plantings as it would closely mimic the post mining
conditions at the Indian Ridge site. As switchgrass generally takes three years to fully establish, the
WVDOE and WVDEP leveraging was essential to provide the sufficient data to fully evaluate growth
potential on mine-scarred lands.

The area available for plot set-up and soil sampling at Coal-Mac was approximately 9 acres. The plot
area was situated on a flat spot in the middle of a previously active surface mine. The area available
for plots was bare soil that had been shaped to a flat area with no plant establishment. See Figures
50 through 52 for examples of biomass plantings on former surface mines.
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Figure 48. Planting of biomass crops at the Coal-Mac site, Holden, West Virginia.
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Figre 49.
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Figure 502. Switchgrass crop, 4-years after planting at the Alton site, Upshur County, West Virginia.
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Soil samples were collected at each of the sites in an effort to determine baseline conditions. The
sites were averaged and the results can be seen in Table 18.

Table 18. Soil samples collected at the Coal-Mac site are indicative of freshly placed mine soils in
southern West Virginia.

Lbs / acre Meq/100g % Saturation

Sample| Sample oH p K Ca | Mg K ca | Mg H CEC K ca | Mg H CEC | %

ID Date & BS &BS | OM
CM1-1 | 5/3/2011 | 5.4 25 150 | 188 | 115 | 0.2 [ 0.5 | 0.5 | 2.6 4 5 13 13 70 31 0.35
CM1-2 | 5/3/2011 | 5.6 33 1441 272 | 185 | 0.2 | 0.7 | 0.8 1.8 3 5 20 22 52 47 0.32
CM1-3 | 5/3/2011 | 6.6 41 159 |1 1405|340 | 0.2 | 3.5 | 14 0 5 4 68 28 0 100 | 1.15
CM1-4 | 5/3/2011 | 5.9 41 192 | 751 | 401 | 0.2 1.9 1.7 | 2.6 6 4 29 26 41 59 1.41
CM1-5 | 5/3/2011 | 5.5 36 158 | 382 [ 205 | 0.2 1 09 | 2.6 5 4 21 19 56 44 0.41
CM2-1 | 5/3/2011 | 5.4 33 167 | 372 | 1571 0.2 [ 09 | 0.7 | 2.6 4 5 21 15 59 41 0.41
CM2-2 | 5/3/2011 | 6.3 a4 178 11151 292 |1 0.2 [ 29 | 1.2 | 1.8 6 4 47 20 29 71 1.15
CM2-3 [ 5/3/2011 | 6.1 38 | 200 [ 985 | 414 [ 03 | 25 | 1.7 | 2.6 7 4 35 24 37 63 0.93
CM?2-4 | 5/3/2011 | 6.4 50 | 200 [ 1217 480 | 0.3 3 2 1.8 7 4 43 28 25 75 1.56
CM 2-5 | 5/3/2011 6 a4 174 1 580 | 254 | 0.2 [ 1.5 | 1.1 | 0.8 4 6 41 30 23 77 0.35
CM3-1 | 5/3/2011 | 5.4 5 49 | 4721189 [ 0.1 | 1.2 | 0.8 | 2.6 5 1 25 17 56 43 0.72
CM3-2 [ 5/3/2011 | 7.1 45 58 11123302 | 0.1 | 2.8 | 1.3 0 4 2 68 30 0 100 | 1.10
CM3-3 | 5/3/2011 | 5.4 12 63 | 692|263 | 01|17 ] 11 | 3.8 7 1 26 16 57 43 1.23
CM3-4 | 5/3/2011 | 5.4 6 58 | 538 | 252 | 0.1 | 1.3 1 2.6 5 1 27 21 51 49 0.86]
CM3-5 | 5/3/2011 | 5.4 5 55 | 553|211 | 01| 14 ] 09 | 3.8 6] 1 23 14 62 38 0.76]

Average 5.9 | 30.5 (133.7|712.1(270.7| 0.2 | 1.8 | 1.1 | 2.1 | 5.2 | 3.4 | 33.8| 21.5 41.2 | 58.7 | 0.8

96





Site-specific Market Studies - Solar

Researchers evaluated potential project economics and estimated operating costs and potential
revenues from electricity sales from a solar array. Costs were evaluated using expected capital and
operating costs. Two financing structures were evaluated: A commercial net-metering project and a
third-party power purchase agreement project. The commercial net-metering project is considered to
be more realistic given current market conditions.

Project Overview - McDowell County Site

The project site selected for the evaluation of solar markets is a large surface mining area in
McDowell County comprised of several connected permitted areas, some of which are active and
some inactive. The project area contains ample acreage to site a medium or large-scale solar facility.
PV projects in general need about 5 to 10 acres per MW. A 650 KW DC project would thus need 4 to
6.5 acres for the combined collector area plus a staging area for installation and maintenance. A 2
MW DC project would require 10 to 20 acres for collection. Figure 53 shows an illustration of the
project area in proximity to existing power lines.
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Figure 51. Proposed solar array location in proximity to area power lines for a surface mine site in
McDowell County, West Virginia.

This analysis evaluates two potential projects representing two primary types of ownership:
1. A 650 kW net metering project owned by a local or federal entity - The primary entities are
the McDowell County Economic Development Authority and the Bureau of Prisons, which
operates a FCl on the property.
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2. A2 MW commercial power purchase agreement (PPA) project owned by a private developer -
This financing model is a “third-party” ownership model, which requires a separate, taxable
entity to procure, install, and operate the solar PV system on a consumer’s premises, in this
case the Bureau of Prisons or an out-of-state entity. The PPA is a long-term contract to
purchase 100% of the electricity generated by the system from the system owner/third-party
(National Renewable Energy Laboratory, 2011c).

The primary benefit of the net metering arrangement is that it is already cleared with the State of
West Virginia and its utilities as a legitimate way to obtain revenue from investment in a solar array,
provided that the interconnection standards are met.

The primary benefits of PPA financing are: No or low up-front costs, ability for a tax-exempt entity to
purchase solar-powered electricity at lower prices due to savings passed on from federal tax
incentives, a predictable cost of electricity over the length of the PPA, avoidance of effort related to
system design and permitting, and no operating and maintenance responsibilities (NREL, 2011c).

Site Potential Screening Characteristics

The EPA’s RE-Powering America’s Land Initiative defines a process for screening a potential solar PV
development site for physical and financial feasibility. The process includes pre-screening, site
screening and financial screening considerations. The McDowell County site characteristics are
largely favorable although the solar insolation is only fair and there are no state or local financial
incentives to develop solar resources. The project’s distance from a low-voltage transmission line
may add costs, depending on where the array is actually located.

The McDowell County site fares well when evaluated against the initiative’'s pre-screening site
characteristics as it receives more than the 3.5 kWh/m2/day of solar insolation and much of the
acreage is located less than one mile from a graded road. The array could be located within one mile
of a low-voltage transmission line but may be more than one half mile away and thus needs further
evaluation. The property has more than two un-shaded acres available for a ground mounted system
with a slope of less than six degrees. As the property is quite large, there are several options for
positioning the array to avoid any obstacles.

The site also fares well with other screening characteristics such load assessment. The Federal FCI
could likely utilize a large portion of electricity generated by an array with a maximum output of 500
kKW. The FCI currently pays 8.42 cents/kWh for electricity during peak hours, which meets the
minimum retail price of 8 cents/kWh recommended as a cut-off price. The site does not fare well
with regards to financial screening due to the lack of utility or other state-based incentives for PV.

Solar Resources in the Project Area

Solar insolation in West Virginia is somewhat low compared to other places in the United States.
Solar insolation in select cities can be found in Table 19 below. Southern West Virginia does have
slightly higher insolation than the northern part of the state, but the region receives only about two-
thirds of the average levels seen in parts of the southwest. The average radiation of the area is about
4.72 kWh per m2 per day. On an annual basis the radiation is expected to be 1,475 kWh per m2.
Some areas in the vicinity may receive slightly higher insolation.

98





Table 19. Solar insolation in select cities of the United States.

Area kWh/m2/day Area kWh/m2/day
Las Vegas, Nevada 6.31 Welch, West Virginia | 4.72

San Diego, 5.68 Charleston, West 4.55
California Virginia

Austin, Texas 5.24 Cleveland, Ohio 4.31
Atlanta, Georgia 5.03 Buffalo, New York 4.09
Phlladelphli?, 4,75 Seattle, Washington 3.67
Pennsylvania

Source: (NREL, 2012).

Figures 54 and 55 depict expected monthly output for the model arrays as calculated by PVYWatts
and the System Advisor Model (NREL, 2011d). The peaks in the chart show that maximum output is
expected in the months of May and September. A 650 kW PV system would thus generate about
738,000 kWh in the first year, for a capacity factor of 13%, and decline by about 0.5% each year
thereafter with normal system degradation.
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Figure 52. Expected monthly output for a 650 kWDC solar array system (kWh).

99





240,000

220,000

200,000

180,000

160,000

140,000

120,000 T T T T T T T T T T T 1

Figure 53. Expected monthly output for a 2 MW solar array system (kWh).

Financial Analysis

This analysis describes potential financing arrangements for the two ownership and financing
arrangements and estimates the cost of electricity produced from the facility at the McDowell County
site. The System Advisor Model (SAM), designed by NREL, was chosen as the software for evaluation.
The SAM is an accounting model that incorporates a number of financial conditions and calculates
the levelized cost of electricity (LCOE).

Assumptions for Commercial Net Metering Arrangement
This analysis simulates the cost of electricity produced by PV system financed, owned and operated
by the McDowell County EDA in the absence of federal or state incentives. The EDA cannot utilize tax
credits on its own due to its tax-exempt status (McDowell County EDA, 2010).

1. Utility Rate

a. Rates escalate by 3% per year, slightly above the rate of inflation.

b. The net metering buy-back rate is modeled at the Bureau of Prison’s electricity rate of
8.42 cents/kWh.

c. lItis assumed that the system owner is able to sell all electricity generated, or to
avoid purchasing that amount of electricity.

d. The system owner is able to take advantage of time-of-use (TOU) pricing.

2. Financing

a. The analysis period is 30 years, representing the expected life of the PV system.

b. Real Discount Rate - This variable reflects the perceived opportunity cost of other
potential investments and is modeled at 2%.

c. The McDowell County EDA is exempt from Federal and most state taxes, including
sales tax. Insurance on the system is modeled at 0.5% of installed costs, the SAM
default level.

d. Property tax is assumed to be zero.
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e. Commercial loan parameters - The McDowell County EDA is assumed to be able to
receive a zero interest loan to purchase the system, such as those funded through
clean renewable energy bonds (CREBS).

3. Tax Credit Incentives

a. With the EDA ownership structure and in the absence of innovative financing, such as

use of new markets tax credits, the Federal tax credits cannot be taken.
4. Payment Incentives

a. Production Based Incentive (PBI) - Potential revenues from SREC markets range
from a realistic 0.01 to 0.03 $/kWh from Ohio or Pennsylvania markets to a much
less realistic 0.20 $/kWh. Ranges of SRECs prices are modeled as scenarios: 1 to 5
cents/kWh up to 16 to 20 cents/kWh. This payment is received on top of the net-
metering payment as the PV system owner retains the rights to the environmental
attributes of output.

5. PV System Costs

a. Direct Capital Costs - modeled at $2.93/watt (module + inverter) for the 650 kW
system

b. Indirect Capital Costs - modeled at $550,000 for permitting, environmental studies,
grid interconnection and land preparation.

c. Land Costs - modeled at zero, due to ownership of the property by the McDowell
County EDA.

d. Total Installed Costs - for the 650 kW system are assumed to be $5.19/Watts direct
current (Wdc), slightly below the average cited in Lawrence Berkeley National
Laboratory’s latest report for non-profit projects of this size.

e. Operation and Maintenance Costs - $20/kW/year, SAM default values.

Results for Commercial Net Metering Scenario

The analysis of this scenario identified the payback achievable with various combinations of financial
incentives. The required payback will depend on the investment opportunities of the system owner to
be. This analysis of the scenario also answers the question “What level of incentives causes the
project to at least break-even, i.e. achieve a net present value of zero or higher, in 30 years?” As the
likely owner under this scenario is a non-profit entity the only incentive available, other than net-
metering payments, is SREC payments, which are not guaranteed at any specific level. The payback
period is thus highly uncertain.

As shown in Table 20 below, the project would have to receive a production based incentive or SREC
of more than 18 cents per kWh in order break even. While SRECs in the 16 to 20 cent range have at
times been received by solar PV systems in West Virginia that sell credits to other states, it is risky to
assume the ability to receive such a payment, especially for the entire 20-year time period modeled
here. Thus, it is likely that the project would not break even within 30 years.
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Table 200. Commercial net metering arrangement results.

Solar Renewable Energy | Nominal LCOE Payback Net Present Value
Credit (SREC) (cents/kKWh) Period @ 2%
1 to 7 cents/kWh 22 to 27 > 30 years Negative
7.5 10 12.5 cents/kWh 18 to 22 25 to 30 years Negative
1310 17.5 cents/kWh 14 10 18 20 to 25 years | Negative/ Positive with 15¢ SREC
18 to 20 cents/kWh 10to 14 18 to 20 years Positive
1This is a very low discount rate. A preference for a higher rate would increase the opportunity cost of the
project. The 2% real discount rate (4% nominal rate) is the federal rate published under a revision to OMB
Circular No. A-94 titled "Guidelines and Discount Rates for Benefit-Cost Analysis of Federal Programs."

Assumptions for Third-Party PPA Arrangement

The analysis of this scenario simulated the cost of electricity produced by a PV system financed,
owned and operated by a private, tax-paying third-party. The entity is assumed to be able to take
advantage of the available federal tax credits for purchasing the system but it may not be able to
take advantage of net metering because it does not operate a physical location at the site.

1. Utility Rate

a. This structure does not utilize net metering as the system owner does not operate a

business at the site.
2. Financing

a. The loan term is 15 years and the analysis period is 30 years, even though the PV

system could last up to 80 years (Crowdis, 2012).

All taxes apply.

Real Discount Rate: Three different discount rates (4%, 6%, and 8%) are modeled to
show the range of rates that would produce a project with a positive NPV. This
variable reflects the perceived opportunity cost of other potential investments.

d. Commercial loan parameters - 50/50 debt/equity financing; 15 year loan; 7%
interest rate.

e. Property Tax - Solar facilities are Class 3 property and taxed at 0.802 %. Only the
capital portion of installed costs is assessed (at 75% of its value), amounting to
about 50% of installed costs.

f. Power purchase agreement (PPA): the SAM model solves for this amount to meet the
specified internal rate of return (IRR); the price is assumed to escalate at 1% per
year.

3. Tax Credit Incentives

a. Production Tax Credit (PTC) - It is assumed that the ITC is the preferred incentive and
will be chosen over the current 2.2 cents/kWh PTC as it is an up-front payment. The
incentives amount to $2.6 million.

4. Payment Incentives

a. Production Based Incentive (PBl) - SRECs are assumed to be claimed through the

PPA. Thus, no additional PBI is available and the PPA is the sole source of revenue.
5. PV System Costs
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a. Direct Capital Costs -the 2 MW system is modeled as costing $1.86/Wdc (module +
inverter)

b. Indirect Capital Costs - modeled at $650,000 for permitting, environmental studies,
grid interconnection, land preparation and state sales tax.

c. Sales tax - A tax rate of 6 % applies to direct costs.

d. Total Installed Costs - modeled at $3.90/watt (Crowdis, 2012).

Results for Commercial Third-Party PPA Scenario

For the third-party PPA scenario the SAM answers the question “What combination of incentives and
PPA level provides for an IRR of at least 8%?” An IRR of 8% is often a minimum level of acceptable
return. Two levels of return, 8% and 10% are modeled to show the different PPA levels that would be
required.

The selected discount rate is important as it represents the opportunity cost of the project. The three
discount rates modeled may be considered low by private sector standards; they were selected to
illustrate what would be required at the low end of the spectrum of reasonable return. This
consideration reduces the viability of the project if the actual desired discount rate is greater than
8%. As shown in Table 21, if an IRR of 8% is achieved the real discount rate of the investor must be
no higher than 4% which is quite low for private sector investments. Use of a discount rate greater
than 8% would require a project IRR of more than 10% and thus a PPA of more than 22.7
cents/kWh.

Table 21. IRR for third-party purchase scenario.

Internal Rate Real Discount PPA Price LCOE Nominal Net Present
of Return Rate (cents/kKWh) (cents/kWh) Value
8% 4% 20.7 22.8 Positive
8% 6% 20.7 22.6 Negative
8% 8% 20.7 22.3 Negative
10% 4% 22.7 25.1 Positive
10% 6% 22.7 24.8 Positive
10% 8% 22.7 24.6 Negative

The primary difference between the two scenarios is the value of the energy produced given the
varying PPA prices.

Employment Impact

The primary direct economic impacts associated with a solar facility would be seen during the
construction phase. The area would not receive any impact from manufacturing of the solar panels.
The majority of the construction impact would be from installation labor and support services as well
as wholesale trade. During the operating phase the facilities would require only one full-time person,
or less. These estimated impacts are described below and are based on the JEDI model (NREL,
2011b).

1. 650 kW facility

e Construction phase: 16 direct construction jobs + 15 indirect support jobs + 7
induced jobs for a total of 38 temporary jobs.
e Operating phase: 1 part-time job
2. 2 MW facility
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e Construction phase: 51 direct construction jobs + 45 indirect support jobs + 21
induced jobs for a total of 117 temporary jobs.
e Operating phase: 1 full-time job

Non-Market Impacts

While the direct economic impacts of the facility to McDowell County will be small following
construction, there may be additional benefits to the community that are difficult to measure. These
include productive use of marginal land that would otherwise be unused and maintenance of that
land for future uses, community experience with an emerging technology and social benefits of being
seen as progressive in deploying an emerging technology. Emissions benefits from displacing fossil-
fuel fired generation will exist, but these will occur at an uncertain level and, due to the regional
nature of power plant emissions, with benefits that may or may not be felt in the project area.

Solar energy does displace conventional fossil-fired generation, but it is uncertain how much
emissions will be avoided as the fuel displacement is usually not one to one. Presently there is no
standard in place that can be used to estimate the emissions avoided by use of variable resources,
such as wind and solar, to produce electricity. It has been argued that the effect of an input of
electricity from a renewable generator, such as wind or solar, on other generators such as coal or
natural gas is difficult to quantify (Federal Trade Commission, 2012). Some of the reason for this is
because grid-connected solar PV systems have varying and uncertain output during cloudy weather.
In a 2008 study, Carnegie Mellon University concluded that solar PV systems have a larger
magnitude of power output fluctuation than wind energy and that the costs of large scale solar PV
integration are thus likely to be larger than those of wind (Apt and Curtright, 2008).

Site-specific Market Study - Wind

Researchers evaluated energy potential and economics for the Indian Ridge site in McDowell County,
West Virginia through site characteristics and screening criteria. It was determined that for medium-
to high-speed wind turbines, the site is not viable for wind energy.

Project Overview - McDowell County Indian Ridge Site

The selected Indian Ridge project site in McDowell County is a former surface mining area. It met the
site characteristics and screening criteria for available land, distance to transmission lines, and
distance to roads. However, the wind resource potential, at 4.6 m/s at 80m, was too low for the site
to be viable for wind energy for medium- to high-speed turbines. A wind speed of at least 5.5 m/s at
80m turbine height must be present for a property to be considered for medium- to high-speed
turbines. The site may still be considered a candidate dependent on the availability of turbines
capable of utilizing low-speed wind and additional research on viability.

If interest exists, the wind resource potential could be measured by an anemometer to obtain a more
site-specific measurement of the wind speed, which will determine if the wind resource potential is
above or below the required 5.5m/s at 80m wind speed.

Non-Market Impacts

If turbines are placed on the property, the direct economic impacts of the facility to McDowell County
will be small following construction and there may be additional benefits to the community that are
difficult to measure. These include productive use of marginal land that would otherwise be unused
and maintenance of that land for future uses. Emissions benefits from displacing fossil-fuel fired
generation are also likely to exist, but these will occur at an uncertain level and, due to the regjional
nature of power plant emissions, the benefits may or may not be realized in the project area.

Wind energy does displace conventional fossil-fired generation, but it is uncertain how much
emissions will be avoided as the fuel displacement is not always one to one. Presently there is no
standard in place that can be used to estimate the emissions avoided by use of variable resources,
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such as wind and solar, to produce electricity. It has been argued that the effect of an input of
electricity from a renewable generator, such as wind or solar, on other generators such as coal or
natural gas is difficult to quantify (Guides for the Use of Environmental Marketing Claims, 2012).

Due to the high quality wind potential along the Allegheny Front on the eastern edge of the
Appalachian highlands, in Grant County, West Virginia, researchers evaluated potential project
economics, including operating costs and potential revenues from sales of electricity produced by a
potential wind facility at the site. This analysis comprises financial modeling that compares the
different outcomes of developing a plant in the project area using the two available federal
incentives, the ITC and the PTC, and two potential wind speeds.

Project Overview - Grant County Site

The selected project site in Grant County is a former surface mining area. The project area contains
enough acreage to site two to four turbines, with a three-turbine array selected for analysis. The
modeled turbine layout is shown below in Figure 56, with each turbine 500 meters apart on a north-
south line and 750 meters apart on an east-west line. The actual array selected will need to be
based on more detailed engineering assessment of the property and actual meteorological readings
on the site. The property has three significant physical constraints that may limit the number of
turbines to two: a rail line comprising the northern border of the property, a state road comprising the
southern and eastern border, and an east-west high-voltage transmission line traversing the center
of the property.

This analysis evaluates one potential project representing a 6 MW wind facility owned by a wind
developer or local/developer partnership. The array is comprised of three 2 MW turbines.

Presently, no anemometer exists on the property although significant assessment efforts have taken
place in the area. Truepower estimations indicate that the best wind resources, those between 7 and
8 m/s, are located in the most western, southern and eastern sections of the property. The center
part of the property is estimated to have wind resources of between 6 and 7 m/s.
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Figure 54. Modeled turbine layout at the Grant County, West Vrginia site.

Wind Resources in the Project Area
The wind resources in the project area are in the range of 6 to 8 meters/second (m/s) at an altitude

of 80 meters on an average annual basis (AWS Truepower, 2010). This falls in the range of typical
minimum resources worthy of further investigation. Many developers seek average wind speeds of at
least 7 m/s at hub height. The resource is modeled at two potential average wind speeds - 7.3 m/s
and 7.7 m/s - at an altitude of 100 meters, which represents the higher height of the newer towers.
The expected output of the facility is shown in Figure 57 below. On an annual basis the capacity
factor of the facility is expected to be around 29%. A full wind resource assessment would need to be
conducted prior to investing in this site.
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Figure 55. Monthly estimated energy output at 7.7 m/s and 7.3 m/s.

Financial Analysis

The facility is modeled as being able to receive the average sampled regional PPA price of
$75/MWh. Results are compared for the two selected potential wind speed levels of 7.3
meters/second and 7.7 meters/second at an altitude of 100m. These levels of output are also
compared with and without the ability to receive the federal PTC. Key financial metrics compared are
net present value (NPV) and internal rate of return (IRR). A scenario where the facility operates as a
merchant power plant is not modeled due to the lower price that would have to be received in the
wholesale market.

Assumptions
6. Financing

a. The analysis period is 25 years, representing the expected life of the turbines.

b. Property tax incentives apply, with 53% of the facility taxed at salvage value. The
property tax rate modeled is the Class 3 tax for Grant County of 80.2 cents per $100
of value.

c. Commercial loan parameters: 10-year term; 6.5 % interest; 50/50 debt to equity.

7. Tax Credit Incentives

a. Two scenarios are modeled, one with the upfront Federal Investment Tax Credit of

30% and one with the Federal PTC of 2.2 cents per kWh for ten years.
8. WTG System Costs

a. Turbine costs are modeled at $1,800/kW.

b. Total Installed Costs are modeled at $2,064 per kW, about the average observed for
2011 installations (National Renewable Energy Laboratory, 2011a), for a total cost of
$16.5 million.

¢. Land Costs - modeled at zero. The property is owned by the Grant County EDA.

d. The developer pays royalties to the EDA in the amount of $2.25/MWh, which
amounts to $44,000 or $48,000 per year (Royalties may be paid per unit of
generation (kWh or MWh) or may be based on capacity.
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Results

The following results describe the estimated IRR that a project developer would receive with a PPA of
$75/MWh under the two average wind speed conditions and with and without a federal incentive
package, either the ITC or the PTC. This results show that the most lucrative financing arrangement
includes use of the federal ITC, which is set to expire at the end of 2012. The PTC provides a
reasonable rate of return under the higher wind speed scenario, but not as high as the ITC. In the
absence of either the ITC or the PTC the IRR is likely too low to attract an investor and the net
present value (NPV) of the project is severely negative under these assumptions. Even though
extension of the ITC seems less likely than extension of the PTC, it is modeled here to demonstrate
the different rates of return made possible by that incentive.

This analysis results in a nominal LCOE of 8.38 cents/kWh ($84/MWh), which is in the range of
other estimates for onshore wind development (Table 22).

Table 222. Wind facility SAM results - key financial variables.

With Wind Speed of 7.3 m/s (Capacity Factor of 29.3%)

Federal Tax | Annual MWh Internal Rate | Net Present | Project Tax Credits
Incentive of Return Value
ITC of 30% 20,532 10.44% -$172,361 $5 million in Yr 1
PTC of 2.2|20,532 8.63% -$1.22 $433,000 to $512,000
cents/kWh million per year
None 20,532 4.61% -$3.97 $0

million

With Wind Speed of 7.7 m/s (Capacity Factor of 31.9%)

Federal Tax | Annual MWh Internal Rate | Net Present | Project Tax Credits
Incentive of Return Value
ITC of 30% 22,234 12.39% $546,569 $5 million in Yr 1
PTC of 2.2 22,234 10.42% -$260,934 $472,000 to $557,000
cents/kWh per year
None 22,234 5.77% -$3.25 $0

million

Employment Impact
The primary direct economic impacts associated with a wind facility would be seen during the
construction phase. The area would not receive any impact from manufacturing the turbines. The
majority of the construction impact would be from installation labor and support services as well as
wholesale trade. During the operating phase the facilities would require only one full-time person, or
less. These estimated impacts are described below and are based on the JEDI model (National
Renewable Energy Laboratory, 2011b).

e Construction phase: 16 direct construction jobs + 22 indirect support jobs + 9

induced jobs for a total of 47 temporary jobs.
e Operating phase: 2 full-time jobs, including indirect effects

Non-Market Impacts

While the direct economic impacts of the facility to Grant County will be small following construction,
there may be additional benefits to the community that are difficult to measure. These include
productive use of marginal land that would otherwise be unused and maintenance of that land for
future uses. The community is already familiar with wind facilities, given the presence of two other
utility-scale plants in the area. Emissions benefits from displacing fossil-fuel fired generation are also
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likely to exist, but these will occur at an uncertain level and, due to the regional nature of power plant
emissions, with benefits that may or may not be felt in the project area.

Wind energy does displace conventional fossil-fired generation, but it is uncertain how much
emissions will be avoided as the fuel displacement is not always one to one. Presently there is no
standard in place that can be used to estimate the emissions avoided by use of variable resources,
such as wind and solar, to produce electricity. It has been argued that the effect of an input of
electricity from a renewable generator, such as wind or solar, on other generators such as coal or
natural gas is difficult to quantify (Federal Trade Commission, 2012).
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Comprehensive Land Use Master Plan

Integrating all of the previously described information and defining areas for specific land uses within
the Indian Ridge Industrial Park was the next step in the planning process. As discussed in the
“Community Engagement, Education, and Training” sections of this report, beginning on page 51,
guidance in land uses that are needed within the region are industrial, commercial, recreational and
residential. Alternative energy suitability modeling allows researchers to site these facilities in the
most appropriate locations.

The Comprehensive Land Use Master Plan for the Indian Ridge site attempts to satisfy the
community needs for developable land and provide for spaces to integrate alternative energy
generating facilities; that is a SEP. The topography of the existing stormwater infrastructure creates
limitations in siting facilities. Other primary limiting factors are the planned expressway corridors.
High volume roads require a buffer. Leaving these areas open for future road construction by
planting switchgrass in the corridor allows for transitioning the area at a later date. Industrial uses
are placed adjacent to the main highway interchange, while residential development is proposed in
the south and east of the site. Locating residential development here provides for a sense of
seclusion from the highway. Solar infrastructure is located close to FCI-McDowell so that the facility
may take advantage of energy production. This location, with its full southern exposure will also be
most efficient in solar collection. Commercial development is included in an ‘Interchange’ zone,
providing needed services that were identified as desirable by participants. Areas of switchgrass are
planted in areas that are considered marginal, or lacking the spatial requirements of other land uses
or in close proximity to areas of sensory disturbance, i.e. highways and industrial development. While
the Land Use Master Plan shows segregated land uses, the next level of planning and design
proposes integration of land uses. The integration of alternative energy elements (wind, solar, and
biomass) will be interwoven with necessary infrastructure and building prototype design. Green
infrastructure design of stormwater systems is also an interwoven pattern in the Master Plan (Figure
58).
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Land Use Legend

Site Boundary B commercial
Highway "1 Residential / Solar Panel
Potential Highway I |ndustrial / Solar Panel
Road I Culture Gateway / Interpretive Area
s Trail [ 1 Solar Panel
(@) Recreation Access [ Parks and Recreation .
[ stormwater Infrastructure [0 Switchgrass ? 10'1125|°'|25| | Iois Miles

Figure 56. Land Use Master Plan for the Indian Ridge Industrial Park, McDowell County, West
Virginia.
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Most significant in Figure 59 are the permit boundaries for future surface mining to the south of the
Indian Ridge Industrial Park site along the ridgeline. By envisioning this area as a potential SEP,
specifically with wind integrated with switchgrass production, a new connectivity is created. The wind
turbine polyline shown on the map identifies ridge tops that are connected with existing roadways.
These areas are also outside the two kilometer buffer so noise impacts would be reduced for
residents of north Welch. The areas of forest within the property boundary that do not have a
designated land use will be programmed in more detail in following phases. Input from local officials
indicates that recreation land is a potential use of this area and is an identified need in the
community. Access to this large recreation area from Welch will take advantage of existing roadways
to connect to north Welch.

Regional Land Use Legend

Site Boundary I Ccommercial
Major Road [ Residential / Solar Panel N
———— Potential Highway I ndustrial / Solar Panel
Road I Culture Gateway / Interpretive Area
Trail [ Solar Panel
© Recreation Access [ Parks and Recreation
e \\ind Turbine [ switchgrass 0 025 05 1 Miles
[N Sstormwater Infrastructure [0 Permit Boundary

Figure 57. Regional Land Use Master Plan shows the entire Indian Ridge site owned by McDowell
County EDA.
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Development Phasing

Phasing development of the Indian Ridge Industrial Site allows for a visionary marketing effort with
designated areas of future development. The ‘Interchange Zone’ would not be a suitable land use
until the expressways are constructed; however, using that land temporarily in producing biomass
through switchgrass planting creates a placeholder for change. Additionally, lands designated for
residential/commercial development and industrial development can support switchgrass
production while waiting for investment. Solar infrastructure would necessarily be permanent,
however, so designating the area adjacent to FCI-McDowell as a future ‘new energy’ gateway
element into the industrial park would create a sense of character for the overall site and define a
powerful entry experience (Figure 60).

e,
e g

A '-: o A . - S ey e o S N e
Figure 58. Detail view of three-dimensional digital site model including the expressways, integrated
switchgrass and solar facilities (view from southeast with FCI-McDowell in the foreground).

The full Comprehensive Land Use Master Plan with phasing and other considerations being
evaluated for implementation by the landowner/McDowell County Economic Development Authority
is attached as Appendix N.
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Chapter 9 -Conclusions

The Sustainable Energy Park (SEP) project has demonstrated how mine-scarred lands may be
redeveloped and reused in an environmentally and economically sustainable fashion through the
completion of a Comprehensive Development Plan for the Pilot SEP Site in McDowell County, West
Virginia.

Reusing mine-scarred land to produce a variety of sustainable energy sources is achievable in
Appalachia from a technical, environmental, and social perspective. The financial return on an
investment in SEPs on former surface mine lands is still highly dependent on variables outside the
scope of this project.

The ability for SEPs to thrive will be significantly impacted by State Renewable Energy standards,
policies, and incentives. The presence of a potential purchaser (a large state/federal or private
facility) in close proximity to the energy produced on the SEP will enhance the viability of the SEP.
Initially, the SEP was conceived to produce utility scale power; however, the presence of a “local” end
user would reduce the cost of necessary infrastructure

Due to the characteristics of the mine soils in West Virginia, switchgrass biomass yields will be
approximately 4 to 8 tons per acre, depending on species and amendments. Other biomass species,
such as Miscanthus and Arundo, can yield tonnage rates as high as 12 tons per acre. These biofuels,
when harvested and baled into 1 ton bales, typically mimic hay prices which vary from $50 to $100
per ton. It should be of note that these prices often fluctuate from season to season depending on
supply and demand for the product.

Some of these biomass bales end up becoming used as feedstock for the pelletizing industry. The
processed pellets can often yield approximately $125.00 per ton. However, at this time, the market
is not conducive for selling this product.

The McDowell county site, located in southern West Virginia, has approximately 224 acres that are
suitable for the development of biomass crops. This site, once planted and harvested, could produce
approximately 1,344 tons per year of biofuel. This fuel could then be sold on the market where it
could net approximately $80,000 per year based on 2012 rates. Planting and maintenance costs
would impact this number. The biofuel could be used as a fuel source to power the boilers at the
nearby federal prison or could be used for pelletizing.

The selected Indian Ridge project site in McDowell County is a former surface mining area. It met the
site characteristics and screening criteria for available land, distance to transmission lines, and
distance to roads. However, the wind resource potential, at 4.6 m/s at 80m, was too low for the site
to be viable for wind energy for medium- to high-speed turbines. A wind speed of at least 5.5 m/s at
80m turbine height must be present for a property to be considered for medium- to high-speed
turbines. The site may still be considered a candidate dependent on the availability of turbines
capable of utilizing low-speed wind and additional research on viability.

If interest exists, the wind resource potential could be measured by an anemometer to obtain a more
site-specific measurement of the wind speed, which will determine if the wind resource potential is
above or below the required 5.5m/s at 80m wind speed.

The McDowell County site fares well when evaluated against EPA’s Re-Powering America’s Land
Initiative’s pre-screening site characteristics. The site receives more than 3.5 kwh/M2/day of solar
insolation and much of the acreage is located less than one mile from a graded road. The site also
fares well with other screening characteristics such as load assessment. However, the site does not
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fare well with regards to financial screening due to the lack of utility or other state-based incentives
for PV. Based on this research and the Prioritization Tool developed, of our 612 sites, we determined
that 109 sites had potential for biofuels development, 4 sites had potential for solar development,
and 1 site had the potential for wind development.

Lessons Learned

The concept of utilizing mine-scarred lands in Appalachia for sustainable energy production is a
valuable area of research due to the proximity of the sites to a large portion of the country’s energy
demand from major metropolitan areas on the east coast. As McDowell County pursues the adoption
of the Comprehensive Land Use Master Plan, reflections on future projects is in order.

Lesson 1: The definition and use of the term Mine-scarred land is significant

From a regulatory basis, multiple federal and state agencies oversee coal mining. The Office of
Surface Mining and other agencies do not have an equivalent term to mine-scarred lands, but rather
specific delineations between mines based on the Surface Mining Control and Reclamation Act
(SMCRA). The ability for a SEP to take shape is also impacted by the status of a mine permit, and the
status of bond release. Coordinating the definition of the term mine-scarred land with other agencies
is critical to discussing and generating buy-in from industry, regulatory officials, and landowners. The
definition also impacts site identification.

Coalfield communities created around the coal mining industry are sensitive to the term mine-
scarred lands. During our outreach and community engagement we learned the public is interested
in exploring sustainable energy production, but do not want their history of coal mining to be
disparaged. The legacy and psychological connection to coal miners is substantial in the Appalachian
Coalfields. Coal mining has been recognized as a significant part America’s cultural, labor, and
industrial heritage including the current development of a cottage tourism industry surrounding
mining. Mine-scarred lands have a negative connotation. Consider using different terminology to
build relationships versus an antagonist relationship with local communities.

Lesson 2: Stakeholder Engagement is Critical

Community engagement in the development of a land use master plan that encompasses the energy
production pieces plus other community priorities will result in a more robust and supported
Comprehensive Land Use Master Plan than limiting land use considerations to SEPs only.

Lesson 3: Land Ownership/Control Considerations

Site control and land ownership considerations are a driving factor in the ability to access the
property for placement of alternative technologies. Appalachia has many large (> 100 acres) former
mine sites that appear to be idle or abandoned. Mining leases, the permitting process, and other
land ownership considerations are complex. Investors and developers not familiar with the mining
industry will be at a disadvantage to capitalize on the unique mining regulatory framework compared
to other non-mining properties.

Lesson 4: Think Local Energy End Users
The initial focus of the SEP model was to produce utility scale energy on mine-scarred lands.
Identifying local institutional energy uses may result in a larger local economic benefit, increased
environmental benefits, and support more local energy independence. Buy-in from multiple local
users might result in more alternative energy initiatives and production than fewer large-scale users.
Some of the enhanced environmental benefits from partnering with a local institution which would
serve as the potential energy end user includes:

e Reduction in costs due to the elimination of constructing unnecessary energy infrastructure

e Increase in energy efficiency by reducing distance energy travels and reducing associated

energy loss.
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The Research Team worked with Federal Correction Institution (FCl) McDowell as a potential energy
end user. Federal facilities and other large state, and private institutions have incentives to utilize
sustainable energy that may not exist for other local small-scale energy end users.

The use of energy by a specific local end user also eliminates some of the regulatory and
infrastructure barriers associated with converting the energy to utility scale.

Results Summary

This project provides the framework to target the key information needed to identify potential
sustainable energy sites and catalyze a companion “green” energy industry to coal in Appalachia.
Using a database of over 15,000 former surface mines in West Virginia, researchers identified 612
candidate sites which meet the threshold criteria for SEPs. The Portfolio of Candidate Sustainable
Energy Park Sites in West Virginia is provided in Appendix 4. The same research method and
technical criteria used to select candidate sites could be applied in other Appalachian states to
identify SEP opportunities.

A Prioritization Tool and Handbook were created to assist community leaders and economic
development officials optimize their limited resources through the identification of the highest
potential SEP sites in their area. Important aspects of the Tool and Handbook are the learning and
local capacity building that occurs during the data collection and analysis. The process provides an
avenue for collaboration and information sharing that will result in broader understanding of
sustainable energy technologies and opportunities that may have otherwise been overlooked. The
utilization of the tool also illustrates to investors that a certain level of community interest and
capacity exists for the development of a SEP.

The selection of a Sustainable Energy Park Pilot Site was a crucial element in determining the
feasibility of the SEP concept. Through a Request for Proposals process, coalfield communities
competed for the opportunity to serve as the pilot site. This competition illustrated interest and local
official buy-in.

The creation of a Comprehensive Development Plan was completed through extensive coordination
and engagement with the McDowell County Economic Development Authority and local stakeholders.
The Comprehensive Development Plan includes a Land Use Master Plan for the site that is under
consideration for adoption by the McDowell County EDA Board of Directors. The plan has already
yielded significant interest from the adjacent landowner, FCI-McDowell. The partnership with FCI-
McDowell is significant due to their role as a stakeholder in the stormwater management of the site,
and as a potential end-user of the energy produced by solar, wind, or biomass harvested on the pilot
site. The education and outreach that has occurred with FCI-McDowell officials may also result in a
partnership to plant biomass on the FCI property. A decision to plant biomass on suitable FCI
property would increase the overall acreage available for biomass planting at the SEP site. This
increased acreage will result in a higher yield of the biomass feedstock and positively impact the
economic feasibility of the project.

Showcasing the Sustainable Energy Park Project and Pilot Site was a key component to attracting
interest and investment in the concept of reusing mine sites for alternative energy production. The
showcasing strategy included hosting activities as well as participating in other energy-related
conferences to display the project’s concepts, results, and potential.

116





Leveraged Funding

The West Virginia Water Research Institute’s Northern West Virginia Brownfields Assistance Center
leveraged $50,000 from the West Virginia Division of Energy to incorporate brownfields and
concepts of sustainability into the state-required land use master planning process for counties with
mine-scarred lands. This will have a long-term impact on how coalfield communities in West Virginia
plan for the reuse of former surface mine sites.

Project researchers were also able to leverage a total of approximately $687,000 worth of technical
data related to biomass production on mined lands. Team researchers identified suitable varieties of
biofuel crops at several sites across the state and identified the required agronomic inputs and
economic returns. Specifically, team researchers are evaluating evaluated biomass production per
acre, carbon sequestration via root turnover and soil organic matter accumulation and the cost of
producing a ton of dry plant material. The leveraged costs include site preparation, planting,
fertilization, management and harvesting. Researchers evaluated the economics of cellulosic
ethanol production technology and pelletizing switchgrass for institutional power generation and
heating uses. This project, Switchgrass Demonstration Planting on Mine Land, with a total value of
$687,027.35 is anticipated to continue through 2016.

In addition, the West Virginia Division of Energy has committed approximately $40,000 to complete
a spring 2013 biomass planting in coordination with the FCI - McDowell as a result of the USEPA
funded Sustainable Energy Park Project.

Future of the Project

With additional SEP research funding, the selection and analysis of an additional pilot site in another
Appalachian state with different sustainable energy production incentives would further evaluate the
feasibility of SEPs on mine-scarred lands over the entire Appalachian region. This additional research
also has the potential to impact future energy policy decisions on a statewide basis, with regional
and national environmental implications.
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