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Executive Summary

A significant amount of land classified as contaminated and disturbed across the United States
has the potential to host developments of utility-scale solar power. This report examines the
prospect of developing utility- and commercial-scale concentrated solar power (CSP) and solar
photovoltaics (PV) technologies on degraded and environmentally contaminated lands. The
potential for solar development on contaminated and disturbed lands was assessed, and for the
largest and highest solar resource sites, the economic impacts and feasibility were evaluated.
Overall, levelized cost of electricity (LCOE) tends to depend on the solar resource and electricity
generated per land area, which varies by location. Generally, LCOE was lower in the Southwest
where the amount of electricity generated is highest. Developing solar power on contaminated
and disturbed lands can help create jobs and revitalize local and state economies, and selecting
these sites over greenfield sites can potentially have permitting and environmental mitigation
advantages. The U.S. Department of Energy (DOE) SunShot goals call for 632 GW of PV and
83 GW of CSP to be deployed by 2050. Conservative land-use estimates of this study (10 acres
per megawatt) show that there are disturbed and environmentally contaminated lands throughout
the country that could be suitable for utility-scale solar power, and, that there is sufficient land
area to meet SunShot solar deployment goals. The purpose of this assessment is to improve the
understanding of these sites and facilitate solar developers’ selection of contaminated and
disturbed sites for development.
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1 Introduction

Utility-scale solar projects require large, relatively flat, contiguous areas of land for siting due to
their design, the density of solar energy on the earth’s surface, and economies of scale. Certain
environmental impacts are unavoidable with developments at this scale. Under the U.S.
Department of Energy (DOE) SunShot Initiative goals, utility-scale solar installations are
projected to result in the cumulative installation of approximately 302 gigawatts (GW) of solar
photovoltaics (PV) and 28 GW of concentrating solar power (CSP) technologies by 2030 and
632 GW of PV and 83 GW of CSP by 2050 (DOE 2012). To meet this ambitious target, the level
of solar energy penetration would require 900,000-2,700,000 acres of land by 2030 and
2,100,000-6,200,000 acres of land by 2050 (DOE 2012). In addition, the Bureau of Land
Management (BLM) is undertaking a number of efforts to facilitate solar energy development by
evaluating over 19 million acres of federal lands in Arizona, California, Colorado, Nevada, New
Mexico, and Utah, with the potential for around 32 GW of installed utility-scale solar project
capacity on BLM and nearby non-BLM lands in these states by 2030 (BLM/DOE 2012).

Current site preparation and construction practices for utility-scale solar projects lead to direct
environmental impacts (e.g., soil disturbance and habitat fragmentation) as well as indirect
environmental impacts (e.g., changes in surface water quality due to soil erosion at the
construction site), which may lead to long-term damage (BLM/DOE 2012). Most projects
completely clear vegetation and grade land prior to construction, cover areas with gravel, and use
water to suppress dust prior to and throughout construction; these activities lead to the need for
environmental mitigation (BLM/DOE 2012). Furthermore, site preparation and operational
activities can represent a substantial portion of non-technology costs (Ardani 2012). In addition,
environmental and resource issues on pristine lands, if not properly addressed from the
beginning, can delay or prevent solar deployment in specific areas and potentially lead to
additional unplanned mitigation efforts and environmental litigation (Rivera 2011; Stanfield
2011; D’Alessandro 2012).

Many stakeholders have noted their preference for siting solar power development on marginal
lands, including degraded and contaminated lands, over pristine land. Using marginal lands
reduces stress on intact, undeveloped lands. These lands may also have existing on-site
infrastructure, potentially lower transaction costs, greater public support for development,
streamlined permitting and zoning processes, and are often already located close to roads, rail,
and transmission (EPA 2012a). Feasibility studies confirm the potential benefits associated with
utilizing contaminated sites for renewable energy projects (Simon and Mosey 2013a; Simon and
Mosey 2013b; Steen et al. 2013; Salasovich and Mosey 2012; Salasovich and Mosey 2011;
VanGeet and Mosey 2010; Lisell and Mosey 2010a; Lisell and Mosey 2010b).

The U.S. Environmental Protection Agency (EPA) has reported that there are over 468
environmentally contaminated sites, each over 100 acres, just in the southwestern United States
(EPA 2009). These sites represent over 7 million acres of land, or almost half of the total acreage
of contaminated lands in the United States. Other studies have highlighted the potential for
contaminated lands to be utilized by other types of renewable energy technologies, such as wind,
biopower, and biofuels (Mosey et al. 2007). These results are consistent with this

study’s analysis.
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Achieving the market penetration and cost reduction goals of the SunShot Initiative, or achieving
high levels of penetration in areas with low levels of land availability, could require utility-scale
solar installations to be designed and deployed in ways that maximize land-use efficiency and
minimize negative biodiversity impacts. Through improved land-use efficiency, smart design,
and ecological impact mitigation, utility-scale solar projects could achieve greater deployment
levels to realize cost-reduction benefits from industry learning.

This report examines the potential development of utility- and commercial-scale solar power on
contaminated and disturbed lands. The report will further define what contaminated and
disturbed lands are, assess the levelized cost of electricity (LCOE) and job impacts are for site-
specific locations, and look at overall non-technical barriers to development of solar on marginal
lands. The report will allow for a better understanding about these sites and allow solar
developers to more readily choose disturbed and contaminated sites for development. Incentive
and policy mechanisms may address barriers to utilizing these sites. Identifying cost reduction
measures for installing solar on marginal lands may lead to lower overall costs and higher levels
of solar deployment.

This report is available at no cost from the 2
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2 Methods

Potential contaminated and disturbed sites for solar development across the United States were
identified using geographic information system (GIS) data, as well as key filtering and exclusion
assumptions. NREL’s economic modeling analyzed the economic costs and impacts for top sites.
This study provides a coarse overview of options and opportunities from a national perspective
for solar development on disturbed and contaminated lands. As such, this study does not provide
specific information that would be required for siting solar projects in specific locations, but it
does offer perspectives on the magnitude and general location of promising areas for solar
development. Estimates of potential solar development are based on existing sources of land
cover data, basic filtering criteria, standard financial analyses, and simple economic

impact analyses.

2.1 Definitions and Data Sources

Environmentally contaminated lands are those contaminated by improper handling or disposal of
toxic and hazardous materials and wastes. They are typically tracked and categorized by the EPA
and include Superfund sites, Resource Conservation and Recovery Act (RCRA) sites,
brownfields, and abandoned mine lands (AMLs) (EPA 2009). Other contaminated properties are
tracked by state voluntary cleanup programs (VCPs). Data sources used categorized
contaminated sites by land ownership. Sites were classified as either federally owned land or
non-federally owned land. Federal lands include federally owned RCRA and Superfund sites.
Landfills, abandoned mine lands, brownfields, and non-federally owned RCRA and Superfund
sites, are classified as non-federal lands.

The United States Geological Survey (USGS) defines disturbed lands as land in an altered and
often non-vegetated state due to disturbances. They are different from environmentally
contaminated lands and may include former industrial sites, various types of intensively used
agricultural lands, public lands that have been impacted by activities such as livestock grazing or
the use of off-road vehicles, and mining or oil and gas development lands. Disturbed lands are
not designated by the EPA as environmentally contaminated yet still might not be suitable for
productive agricultural use. For the purposes of this study, the following are considered
disturbed lands:

e Potentially and formerly contaminated lands
e Barren lands
e Invasive species-impacted lands

e Other disturbed lands (e.g., recently burned, gravel pits).

Barren lands are lands of limited ability to support life, and invasive species lands contain non-
indigenous plants or animal species that can harm the environment. Detailed definitions on
disturbed, barren, and invasive species lands can be found in Appendix B.

Disturbed land cover data were retrieved from three primary sources: the California Gap
Analysis Project (GAP) for California, the Southwest Regional Gap Analysis Project
(SWREGAP) for southwestern states, and the National Land Cover Database (NLCD) for all
other states (Homer et al. 2007; Lowry et al. 2005; Lennartz et al. 2008). Each dataset had
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slightly different land cover categories and definitions. No single definition of disturbed lands
has been accepted, and the amount of such land and its suitability for solar development should
be further clarified by future research. For this study, land cover types from all datasets were
aggregated into the following categories: barren lands, invasive species land, disturbed land, and
agricultural land. Due to the potential differences and overlap in methods and definitions across
datasets, barren lands, invasive species lands, and disturbed lands were aggregated into one
category (BID). Because the total amount of agricultural lands is more abundant than barren,
invasive species and disturbed lands and because solar projects are already being planned on
agricultural lands, separate analyses for agricultural lands were performed. Further definitions
and a mapping of land cover categories for data sources to land use categories are provided in
Appendices A and B.

Solar energy projects are categorized and analyzed by technology type (PV and CSP) as well as
size (commercial-scale and utility-scale). All solar technologies were assumed to require at least
10 acres of land for every megawatt (MW) installed (DOE 2012). CSP projects, which are
generally developed at the utility-scale, were assumed to be at least 50 MW in capacity, and thus
required a minimum of 500 contiguous acres. Commercial-scale PV projects were assumed to be
1-10 MW in capacity and thus required land between 10—100 contiguous acres. Utility-scale PV
projects were assumed to be at least 10 MW in capacity, and thus required a minimum of

100 contiguous acres. Commercial-scale and utility-scale PV projects are separated to highlight
the variety of and extent of available lands as well as to provide information for different types
of project developers.

2.2 Filtering Criteria

Key parameters within the land cover datasets were filtered to gauge how conducive certain sites
would be for potential solar development. Important parameters include relatively flat terrain, a
minimum solar resource (for CSP), and minimum contiguous land area to be considered
financially attractive. Disturbed and contaminated lands differ in how the data were presented;
disturbed lands are more likely to be represented as contiguous areas with a defined shape, while
contaminated lands represent a discrete, individual site with an acreage designation but without a
described shape. All types of projects required an average slope of land of less than 5% (Mehos
et al. 2009). CSP projects had an additional restriction of requiring a solar resource of at least

6 kWh/m?/day due to technology requirements (DOE 2012). PV and CSP screening criteria are
summarized in Table 1. Furthermore, the 25 largest sites (in acres) were identified and evaluated.

Table 1. PV and CSP Screening Criteria

Criterion CSP (utility-scale) PV (utility-scale) PV (commercial-scale)
Resource >6 kWh/m?/day annual | N/A N/A
average direct normal
Slope <5% <5% <5%
Contiguous Land >500 acres >100 acres 10-100 acres
Area
This report is available at no cost from the 4
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2.3 SAM Analysis

DOE’s National Renewable Energy Laboratory’s (NREL) System Advisor Model (SAM) was
used to predict performance and cost of energy for the development of large-scale commercial
PV, utility-scale PV, and CSP solar technologies for contaminated and disturbed lands across the
United States (NREL 2013). Using site location (latitude and longitudes coordinates), we
analyzed and estimated annual energy generation and LCOE for the top 25 largest potential
contaminated and disturbed sites. SAM Version 2012.5.11 was utilized for the purposes of this
analysis. Solar system costs can be quite dynamic, and current PV and CSP costs might be much
lower than costs considered in this report.

For CSP projects, SAM technology inputs represented a dry-cooled 100-MW parabolic trough
system. The SAM technology input “PVWatts System Model” was used for a 5-MW large-scale
commercial PV project and a 20-MW utility-scale PV system. Utility-scale CSP and PV
technology simulations used the default financial settings of an independent power producer
(IPP), while large-scale commercial PV simulations used financing settings characterized by a
commercial power purchasing agreement (PPA). Table 2 summarizes PV and CSP system
characteristics and parameters for the SAM analysis.

Table 2. PV and CSP System Characteristics for SAM Analysis

Characteristic CSP (parabolic trough) PV (utility-scale) PV (commercial-scale)

Capacity 100 MW 20 MW 5 MW

Cooling System Dry N/A N/A

Axis-Tracking N/A Single Single

Energy Storage 6 hours N/A N/A

Financial Settings | Default Independent Default Independent Default Commercial Power
Power Producer Power Producer Purchasing Agreement

2.4 JEDI Analysis

NREL’s Jobs and Economic Development Impact (JEDI) model measures the economic impacts
of a solar project (NREL 2012). JEDI evaluates the number of jobs created and economic
impacts to a specific local area during the construction and operating phases of an energy project.
The JEDI model was used to evaluate the differences in jobs and economic impact between
states. This study did not attempt to compare the difference between JEDI results for a
contaminated or disturbed site with greenfield sites, which is an area of future analysis.

We performed JEDI simulations of CSP and PV technologies consistent with the characteristics
of the SAM analysis (see Table 2). The solar cell material input for both large-scale and utility-
scale PV was crystalline silicon, and the system tracking option was fixed mount. The
construction year period started in 2013, and default project costs settings were used.
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3 Results

3.1 Land and Solar Potential

Results from the GIS and filtering analysis show that of the 62 million acres of BID land in the
United States, 16 million acres would be sufficiently flat and in sufficiently large contiguous
plots for PV development. Of those, 1.1 million acres have solar resource over 6 kWh/m*/day,
making them potentially suitable for CSP development. Agricultural land resources are larger
than BID land, accounting for approximately 380 million acres. Of these, 270 million acres are
sufficiently flat and large enough for PV development, and 9.0 million acres have solar resources
suitable for CSP development. Contaminated lands make up a smaller portion of total land than
BID lands, at 16 million acres. Of those, approximately 3.7 million acres could potentially be
suitable for PV development, with 0.7 million acres having solar resources suitable for CSP

development (Table 3).
Table 3. Total Area of Land Cover Types Filtered for Solar Development Suitability (Millions
of Acres)

Land type Total area Area after land and Area after solar

(millions of acres) slope restrictions resource restrictions
(millions of acres) (6kWh/m?/day)

Agriculture 380 270 9.0

Disturbed/invasive/barren 62 16 1.1

Contaminated lands’ 16 3.7 0.7

As DOE SunShot goals call for 632 GW of PV and 83 GW of CSP to be deployed by 2050,
conservative land-use estimates of this study (10 acres per MW) show that SunShot solar
deployment goals could be met entirely by siting solar energy projects on disturbed and
environmentally contaminated lands (Table 4). In addition, although existing agricultural land
could potentially play an important role in future solar energy development, agricultural lands
would not be required for solar development to meet the SunShot goals. While not every
identified disturbed and contaminated site will be suitable for solar energy development, these
lands offer a starting point for siting projects in locations that could minimize environmental
impacts, and include both public and private land.

" For contaminated lands on federal property, we conservatively estimate that only 10% of the land area is suitable
for solar energy development, based on similar assumptions in prior studies (e.g., EPA 2009). Without this
assumption, total contaminated land available after land and slope restrictions would be 13 million acres, and the
total contaminated land available after land, slope, and solar resource restrictions would be 6 million acres.
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Table 4. Total Potential Solar Capacity on Land Cover Types (GW Installed Capacity)

Land type Total PV installed Total CSP installed
capacity potential (GW) capacity potential (GW)

Agriculture 27,000 900
Disturbed/invasive/barren 1,600 110
Contaminated lands 370 70
DOE SunShot Goals 632 83

Figures 1-3 show solar development potential related to the top 25 largest disturbed lands sites.
Figure 1 covers utility-scale CSP projects on BID lands, Figure 2 presents the potential for
utility-scale PV projects on BID lands, and Figure 3 displays large-scale commercial CSP
projects on BID lands. Additional maps displaying the top 25 disturbed land sites for large-scale
commercial, utility, and CSP technology on agricultural lands can be found in Appendix C.

Figures 4-9 show solar development potential for the largest contaminated sites. Figure 4
includes the largest contaminated sites that also meet solar resource criteria for utility-scale CSP
projects on federal lands. Figures 5 and 6, respectively, present utility-scale PV project potential,
and large-scale commercial PV project potential, on the largest contaminated sites on federal
lands. The remaining figures related to the largest contaminated sites cover CSP project potential
on non-federal lands (Figure 7), utility-scale PV project potential on non-federal lands

(Figure 8), and large-scale commercial PV project potential on non-federal lands (Figure 9).
Additional maps displaying all contaminated sites for large-scale commercial PV, utility PV, and
CSP technology can be found in Appendix C.

This report is available at no cost from the 7
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.
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Figure 1. Top 25 largest sites for CSP development on barren, invasive species, and
disturbed lands
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Figure 2. Top 25 largest sites for utility-scale PV development on barren, invasive species, and
disturbed lands
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Figure 3. Top 25 largest sites for large-scale commercial PV development on barren, invasive
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Site Location Usable area® Site Location Usable area®
A Edwards Air Force Base CA 30,072 N Kirtland Air Force Base MM 5,156
B March Air Force Base Riverside, CA 454 0 White Sands Test Facility Las Cruces, NM 6,000
C George Air Force Base Victorville, CA 524 P Holloman Air Force Base MM 5,964
D Marine Corps Logistics Base  Barstow, CA 569 0 White Sands Missile Range MM 200,000
E Naval Air Weapons Station China Lake, CA 110,000 R McGregor Range Camp MM 99 500
F Nellis Air Force Base MY 1,179 5 US Army, El Paso El Paso, TX 12,530
G Dugway Proving Ground Dugway, UT 80,320 T USDOE Waste Isolation Pilot Plant Carlshad, NM 1,024
H Luke Air Force Base Glendale, A7 420 Il US Air Force, Melrose Range Melrose, NM 6,600
I Williams Air Force Base Chandler, AZ 404 V' Cannon Air Force Base NI 450
1 Davis Monthan Air Force Base AZ 1,076 W USDOE Pantex Plant Pantex Village, TX 317
K Fort Carson Fort Carsocn, CO 13,740 X USDOE Panhandle Panhandle, TX 1,548
L Pueblo Chemical Depot Pueblo, CO 2,300 ¥ US Air Force, Lubbock Lubbock, TX 247
M USDOE Sandia National Lab Albugquerque, NM 282 *#10% of total acres

Criteria: Slope <= 5%; size >= 500 acres; solar quality >= 6 kWh/m*/day;
Sources: U.S. Environmental Protection Agency; RE-Powering America’s Land

Figure 4. Top 25 largest sites for CSP development on federally owned contaminated lands
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Site Location Usable area® Site Location Usable area®

A Us Dept Of Energy Hanford Facility Richland, wa 35,840 N Fort Drum 10th Mtn Div Fort Drum, NY 10,727
B Vandenberg Air Force Base Vandenbert AFB, CA 9,824 O Fort AP Hill, US Army Garrison  Fort AP, Hill, VA 7,600
C Edwards Air Force Base Edwards AFB, CA 30,072 P Fort Knox Fort Knox, KY 10,921
D Maval Air Weapons Station, China Lake, CA 110,000 Q Oak Ridge Reservation (USDOE) Oak Ridge, TN 7,136
E Dugway Proving Ground Cugway, UT 80,320 R Fort Bragg Garrison Command  Fort Bragg, NC 15,000
F Dept Of The Army / Fort Carson Fort Carson, CO 13,740 S Marine Corps Base Camp Lejeune, NC 15,104
G White Sands Missile Range White Sands Missle Range, NM 200,000 T Sawvannah River Site (USDOE) Aiken, 5C 18,000
H McGregor Range Camp MciGregor Range Camp, NM 99,500 U Fort Benning Ft Benning, GA 18,184
1 US Department of the Army El Paso, TX 12,530 V Fort Stewart Fort Stewart, GA 28,600
1 Us Ft. Sill HQ, Env Div Fort 5ill, OK 9,500 W USAF AAC/EM Eglin, FL 45,345
K Base Transition Team - Ft Chaffee  Barling, AR 7,127 X Kennedy Space Center US NASA  Kennedy Space Center, FL 14,200
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M US Army Fort Polk Ft Polk, LA 20,000 *10% of total acres

Criteria: Slope <= 5%; size >= 100 acres; solar quality = not applicable;

Figure 5. Top 25 largest sites for utility-scale PV development on federally owned
contaminated lands
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Total Area Total Area

Site Location (Acres) Site Location [Acres)
A Fort Lewis Landfill No. 5 Tacoma, WA 100 M St Juliens Creek Annex (US Navy) Chesapeake, VA 47
B McChord Air Force Base (Wash Rack/Treatment Area) Tacoma, WA 99 O NWS Yorktown - Cheatham Annex Yorktown, VA 45
C Old Navy Dump,/Manchester Laboratory (USEPA/NOAS)  Manchester, WA 83 P Indian Head Naval Surface Warfare Center Indian Head, MD 44
D Bonneville Power Administration Ross Complex (USDOE) Vancouver, WA 20 Q Washington Navy Yard Washingon, DC 44
E Hanford 1100-Area (USDOE) Benton County, WA 74 R General Services Administration Washingon, DC 42
F Travis Air Force Base Travis AFB, CA 65 S Curtis Bay Coast Guard Yard Baltimore, MD 37
G Jet Propulsion Labaratory (NASA) Pasadena, CA 60 T Dover Air Force Base Dover, DE 35
H Cal West Metals (USSBA) Lemitar, NM 60 U Willow Grove Naval Air and Air Reserve Station Horsham, PA 28
I US Department of the Air Force San Antonion, TX 56 V Naval Weapons Station Earle (Site A) Colts Neck, NJ 24
J  Maval Industrial Reserve Ordnance Plant Fridley, MN 55 W Natick Laboratory Army Research, Dvpt, & Engineering Center Natick, MA 22
K Robins Air Force Base (Landfill #2/Sludge Lagoon) Houston County, GA 53 X Hanscom Field/Hanscom Air Force Base Bedford, MA 20
L US Department of Energy Largo, FL 50 Y Portsmouth Naval Shipyard Kittery, ME 13
M Parris Island Marine Corps Recruit Depot Parris Island, 5C 48

Sources: U.S. Environmental Protection Agency; RE-Powering America’s Land
Criteria: Slope <= 5%; size 10 - 99 acres; solar quality = not applicable;
Sources: U.S. Environmental Protection Agency; RE-Powering America’s Land

Figure 6. Top 25 largest sites for large-scale commercial PV development on federally owned
contaminated lands
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(O 10,000 - 100,000 acres
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Total Area Total Area

Site Location (Acres) Site Location (Acres)
A Carson River Mercury Site Dayton, NV 50,000 N Skunk Creek Landfill Fheonix, AZ 686
B Anaconda Copper Co Yerinton, NV 3,500 O Phoenix-Goodyear Airport Area Goodyear, AZ 1,033
C Santa Clarita LLC Saugus, CA 9965 P Butterfield Station Landfill Mohbile, AZ 540
D Clean Harbors Westmarland, CA 640 Q Indian Bend Wash Area Scottsdale, AZ 941
E Tronox LLC Henderson, NV 850 R Phelps Dodge Corp New Cornelia Branch  Ajo, A7 1,600
F Barrick Gold Strike Mine Eureka, NV 7,679 § Tucson International Airport Area Tucson, AZ 1,902
G Operation Mine Shaft Cedar City, UT 2,560 T Apache Powder Co Saint David, AZ 945
H Monticello Radioactively Contaminated Properties  Monticello, UT 1,280 U Asarco Inc Hayden, AZ 590
I Linceln Park Canon City, CO 1,310 V Duval Corp/Esperanza Mine Sahuarita, AZ 12 800
1 Rocky Mountain Steel Mills Pueblo, CO 639 W Navajo Refining Company Artesia, NM 740
K Giant Refining Co - Ciniza Refinery lamestown, NM 880 X Amarillo Landfill Amarillo, TX 660
L Painted Desert Landfill Joseph City, AZ 1,300 ¥ Huntsman Polymers Corporation Odessa, TX 859
M  MNorthwest Regional MSW Landfill surprise, A7 1,200

Criteria: Slope <= 5%; size > 500 acres; solar quality >= 6 kWh/m?/day;
Sources: U.S. Environmental Protection Agency; RE-Powering America’s Land

Figure 7. Top 25 largest sites for CSP development on non-federally owned contaminated lands
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Total Area Total Area
Site Location (Acres) Site Location (Acres)
A Commencement Bay, Near Shore/Tide Flats  Pierce County, WA 7,680 N Tar Creek Ottawa County, OK 25,600
B Lower Duwamish Waterway Seattle, Wa 19,816 O Oroncgo-Duenweb Mining Belt Japlin, MO 13,000
C Portland Harbor Portland, OR 9,000 P Southwest Missouri Lead Cassville, MT 498,560
D Moses Lake Wellfield Contamination Moses Lake, WA 7,680 Q Hastings Ground Water Contamination Hastings, NE 48,907
E Libby Asbestos Site Libby, MT 179,926 R Omaha Lead Omaha, NE 16,576
F East Helena Site East Helena, MT 19,000 5 Arsenic Trioxide Site Lidgerwood, Wyndmere, Rut, ND 363,000
G Silver Bow Creek/Butte Area Butte, MT 9,668 T Morthshore Mining Company Silver Bay, MN 48,000
H Eastern Michaud Flats Contamination Pocatello, ID 18,086 U Big River Mine Tailings/5t. Joe Minerals Corp. Desloge, MO 33,476
I Barrick Gold Strike Mine - BLM Eureka, NV 7,679 V Washington Dulles Intl Airport Dulles, VA 11,000
I Carson River Mercury Mine Dayton, NV 50,000 W Onondaga Lake Syracuse, NY 149,000
K Sulphur Bank Mercury Mine Clearlake Oaks, CA 38,222 X Mew Bedford New Bedford, MA 18,000
L Duval Corp/Esperanza Mine Sahuarita, AZ 12,800 Y United Technologies Corp Pratt & Whitney Jupiter, FL 7,078
M RSR Corporation Dallas, TX 9,161

Criteria: Slope <= 5%; size >= 100 acres; solar quality = not applicable;
Sources: U.S. Environmental Protection Agency; RE-Powering America’s Land

Figure 8. Top 25 largest sites for utility-scale PV development on non-federally owned
contaminated lands
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(© Non-Federal Superfund (O Abandoned Coal Mine (PA, VA, WV) O >100,000 acres
Total Area Total Area
Site Location [Acres) Site Location [Acres)
A American Canyon SLF MNapa, CA 97 16 Coal Mine lackson Center, PA 99
B Yuba-Sutter Landfill Marysville, CA ag 17 Coal Mine Seneca, PA a9
C Harney Lane 5LF Ledi, CA a7 18 Coal Mine Clarion PA 99
D Behlen Mfg Co Columbus, NE a9 19 Coal Mine Corsica, PA 39
E Mid-America Tanning Co. Seargeant Bluff, 1A a9 J10 Coal Mine Mayport, PA 100
F 3M Columbia Columbia, MO a7 J11 Coal Mine Kittanning, PA a8
G Bp Chemicals Inc Lima, OH 98 112 Coal Mine Creekside, PA 100
H Carter Valley Landfill Church Hill, TH a9 113 Coal Mine Haomer City, PA a9
I Coal Mine Danese, WV a8 114 Coal Mine Irwin, PA 99
11 Coal Mine Encn Valley, PA 100 115 Coal Mine Stahlstown, PA a7
12 Coal Mine Portersville, PA 95 K McKean LF Mt Jewett, PA 98
13 Coal Mine Portersville, PA Qg L Amity LF Environmental & Recycling Services Taylor, PA a7
14 Coal Mine Slippery Rock, PA 98 M Coal Mine Mount Union, PA 98
15 Coal Mine lackson Center, PA a9 N Martin County Palm City Il 5LF Palm City, FL 98

Criteria: Slope <= 5%; size 10 - 99 acres; solar quality = not applicable;

Figure 9. Top 25 largest sites for large-scale commercial PV development on non-federally owned
contaminated lands
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at www.nrel.gov/publications.



4 SAM Results

4.1 Levelized Costs of Electricity

LCOE for both PV and CSP technologies on contaminated and disturbed lands was evaluated in
SAM. LCOE values can vary greatly due to location, technology, and solar resource. For
example, a large-scale commercial PV site in Phelan, California, that has a solar resource of
greater than 6 kWh/m*/day, can generate approximately 8,440 MWh annually at a cost of
~$0.15/kWh, while a site in Slippery Rock, Pennsylvania, with a solar quality of 4 kWh/m?/day,
will generate approximately 5,300 MWh at a cost of ~$0.24/kWh.

Figure 10 compares the various LCOE values with annual energy generated for the largest
utility-scale PV potential sites on federal and non-federal lands. The figure not only reflects the
relationship between annual energy generation, LCOE, and solar resource but also displays the
distribution of where the top potential sites are located. In this case, the map displays the
variations between non-federal and federal utility-scale PV sites. Additional maps showing other
technologies, including CSP and large-scale commercial PV, can be found in Appendix C.
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Criteria: Slope <= 5%; size >= 100 acres; solar quality = not applicable; single-axis tracking
Sources: U.S. Environmental Protection Agency; RE-Powering America’s Land

Figure 10. LCOE map of the 25 largest utility PV sites
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LCOE costs were calculated for each set of 25 top sites for both contaminated and disturbed
lands (Tables 5 and 6, Figures 12 and 13). CSP LCOE values ranged from $0.17-$0.24/kWh;
utility-scale PV sites ranged from $0.18-$0.31/kWh; and large-scale commercial PV sites ranged
from $0.15-$0.26/kWh.

Table 5. LCOE Real in $/kWh for Contaminated Lands

LSC = Large-scale commercial; SR = Solar resource of at least 6.0 kWh/mZ/day.

Average Max Min
CSP Fed $0.196 $0.231 $0.168
CSP Non-Fed $0.194 $0.228 $0.173
PV Util Fed SR $0.193 $0.203 $0.185
PV Util Non-Fed SR $0.195 $0.206 $0.187
PV Util Fed $0.231 $0.284 $0.188
PV Util Non-Fed $0.250 $0.312 $0.191
PV LSC Fed SR $0.161 $0.167 $0.156
PV LSC Non-Fed SR $0.158 $0.169 $0.150
PV LSC Fed $0.209 $0.260 $0.156
PV LSC Non-Fed $0.223 $0.237 $0.186

Table 6. LCOE Real in $/kWh for Disturbed Lands

AG = Agricultural lands; BID = Barren, invasive species, and disturbed lands; LSC = Large-
scale commercial

Average Max Min
CSP AG $0.206 $0.241 $0.173
CSP BID $0.213 $0.244 $0.180
PV Util AG $0.190 $0.197 $0.184
PV Util BID $0.190 $0.196 $0.187
PV LSC AG $0.152 $0.159 $0.151
PV LSC BID $0.157 $0.159 $0.150

Median LCOE values and ranges show considerable variation in values within each technology
(Figures 11 and 12). PV development on disturbed and contaminated lands with a solar resource
of at least 6.0 kWh/m*/day had less variation when compared to PV developments in areas with a
lower solar resource.

This report is available at no cost from the 18
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.
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Figure 11. Box-and-whisker plot of LCOE in $/kWh for top disturbed sites

Low and high error bars represent minimum and maximum costs, respectively. Upper and lower ends of

boxes represent the 75" and 25" percentiles and horizontal lines represent medians. AG = Agricultural

lands; BID = Barren, invasive species, and disturbed lands; LSC = Large-scale commercial; SR = Solar
resource of at least 6.0 kWh/m?/day.
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Figure 12. Box-and-whisker plot of LCOE in $/kWh for top contaminated sites

Low and high error bars represent minimum and maximum costs, respectively. Upper and lower ends of
boxes represent the 75" and 25" percentiles and horizontal lines represent medians. LSC = Large-scale
commercial; SR = Solar resource of 6.0 kWh/m?/day.
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4.2 JEDI Results

Jobs and economic impacts were evaluated for PV and CSP projects on contaminated and
disturbed lands using the JEDI model. For all types of projects, jobs and economic impacts
increase as the size of the project increases; a 100-MW project will create more jobs and more
revenue to a state’s economy than a 5-MW project. Jobs and economic impacts also vary from
state to state. As an example, a 100-MW CSP project on contaminated lands in Texas is expected
to create around 1,927 jobs during construction and 96 permanent operating jobs, whereas a
similar project in Arizona would create more jobs during construction (2,152) and during the
operational phase (108). Despite this, due to differences in local economies and activities the
Texas project would add approximately $380 million to the local economy during construction,
whereas the Arizona project would only add $321 million during that time period.

It is difficult to make a broad comparison among various sites, and sites should be assessed on an
individual basis. The results of JEDI’s economic impacts are a general representation of how the
impacts of a project can vary by region and state, and additional information on state variations
are addressed elsewhere (NREL 2012).

Figures 13, 14, 15, and 16 display the jobs created during the construction years and the amount
of dollars (in millions) the construction of that project will bring to that state’s economy for each
top site for contaminated and disturbed lands. As mentioned earlier, the size of the system has an
important role in determining total level of impact, so a utility-scale project is likely to have a
larger economic impact than a commercial-scale project, just due to its overall size.

Jobs During Construction at Contaminated Sites
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Fed MNonFed Fed MNonFed Fed MNonFed Fed MNonFed Fed MNon Fed
(TX) (AZ) (NM) (NV) (NM)  (MO) (CA) (ca) (MD) (PA)
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Number of Jobs

Figure 13. Number of jobs created for the construction of each project for contaminated sites

LSC = Large-scale commercial; SR = Solar resource of at least 6.0 kWh/m?/day.

This report is available at no cost from the
National Renewable Energy Laboratory (NREL)
at www.nrel.gov/publications.
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Construction Economic Impacts at Contaminated Sites
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Figure 14. Amount of economic impacts for each location for contaminated sites

LSC = Large-scale commercial; SR = Solar resource of at least 6.0 kWh/m*/day.
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Figure 15. Number of jobs created during construction of each project for disturbed sites and
agricultural sites

AG = Agricultural lands; BID = Barren, invasive species, and disturbed land; LSC = Large-scale
commercial.
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Figure 16. Amount of economic impacts for each location for disturbed sites and agricultural sites

AG = Agricultural lands; BID = Barren, invasive species, and disturbed land; LSC = Large-scale
commercial.

Tables 7 and 8 show the results for both contaminated and disturbed lands on the number of
annual jobs created and the annual dollars (in millions) those jobs will add to each
state’s economy.

Table 7. Annual Jobs and Economic Impacts During Operating Years for Contaminated Sites

LSC = Large-scale commercial; SR = Solar resource of at least 6.0kWh/m?/day.

Annual Jobs Annual Operating Economic
Impacts (Millions)
CSP Fed (TX) 96.0 14.35
CSP Non-Fed (AZ) 108.0 11.93
PV Util Fed SR (NM) 6.0 0.49
PV Util Non-Fed SR (NV) 5.7 0.52
PV Util Fed (NM) 6.0 0.49
PV Util Non-Fed (MO) 6.1 0.56
PV LSC Fed SR (CA) 1.5 0.16
PV LSC Non-Fed SR (CA) 1.5 0.16
PV LSC Fed (MD) 1.4 0.13
PV LSC Non-Fed (PA) 1.5 0.15
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Table 8. Annual Jobs and Economic Impacts During Operating Years for Disturbed Sites and
Agricultural Sites

AG = Agricultural lands; BID = Barren, invasive species, and disturbed lands; LSC = Large-scale commercial.

Annual Jobs Annual Operating Economic
Impacts (Millions)
CSP AG (CO) 99.0 14.41
CSP BID (TX) 96.0 14.35
PV Util AG (NV) 5.7 0.53
PV Util BID (AZ) 6.2 0.57
PV LSC AG (NM) 1.5 0.12
PV LSC BID (AZ) 1.5 0.14
This report is available at no cost from the 23
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5 Discussion

Developing solar projects on contaminated and disturbed lands can provide advantages over
development on currently productive or high ecosystem-value land. Current solar development
practices can cause substantial impacts to land (e.g., soil disturbance, habitat fragmentation, or
changes in surface water quality due to soil erosion at the construction site) (BLM/DOE 2012;
DOE 2012). There are likely to be fewer negative environmental impacts to lands that are
already degraded or damaged than land that is currently providing habitat and ecosystem services
to a region. By avoiding additional environmental degradation and engaging community
stakeholders early in the process, developers could potentially reduce the risk of project delays
and the possibility of litigation, as well as establish a sustainable land development policy by
reusing a portion of the over 20 million acres of contaminated lands currently tracked by EPA
(EPA 2012b); this acreage is roughly equivalent to the State of Ohio. Many solar projects have
been subject to environmental litigation due to perceived impacts on the environment
(Glicksman 2011). Siting projects on already disturbed or contaminated lands may reduce the
need for environmental mitigation activities.

Degraded lands often are located in rural areas or in marginal lands of urban areas, which may be
in need of economic revitalization. Siting a financially attractive project in an area without
productive land opportunities could improve local economic conditions. Results from the JEDI
analysis show potential economic benefits from construction jobs and economic impacts, as well
as longer-term jobs during operation of solar energy projects. If the area is degraded from
historical industrial activities or other activities that required electricity infrastructure, grid
connection costs could be reduced by leveraging existing infrastructure. An emerging
opportunity for solar projects are existing power plant sites (not considered in this study) that
might be facing retirement or that could incorporate solar infrastructure into their operations.

Despite the many advantages, there also could be some challenges posed by developing on
disturbed and contaminated lands. If the area is remote, transmission costs, in addition to other
infrastructure-related costs (e.g., road-building and temporary housing construction for workers),
could be higher than a location closer to existing infrastructure. In addition, there are still likely
to be habitat impacts that require mitigation, even when developing on previously disturbed
lands. The identification of disturbed and contaminated lands may also be a challenge; lands that
have been degraded and disturbed in the past may eventually become productive, healthy lands
over time. Certain contaminated lands may have liability and regulatory challenges associated
with their development. However, EPA is actively supporting renewable energy as a beneficial
reuse and provides support to developers and system owners to address liability concerns

(EPA 2012c).

Solar projects being developed on agricultural lands might face competition challenges if land
were to be taken out of food production to be used for energy production. There also could be
concerns over the impact that projects would have on rural communities if they displace
traditional agricultural activities. Areas of future study include the evaluation of the potential for
co-location of solar energy development and agriculture and the use of solar energy projects to
rehabilitate fallow and degraded agricultural lands.
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Disturbed and contaminated lands are found on a variety of federal lands, crossing many federal
agency jurisdictions. As described above, DOE and the Department of the Interior have already
been coordinating activities related to solar development on federal lands. This multi-agency
approach could likely be built upon and improved by including coordinated input from DOE,
Department of the Interior, Department of Defense, Department of Agriculture, and EPA.

Results from this work are inherently limited by existing land cover datasets. While this study
provides an initial estimate of the potential for solar projects to be located on disturbed and
contaminated lands, it relies on existing sources of data for land cover. Existing sources can be
outdated, leading to uncertainty over the feasibility of developing in certain areas. Furthermore,
land cover datasets for adjacent regions and states may be developed with different
methodologies, resulting in apparent land cover differences along political borders that are not
supported by ground-truthing or satellite imagery analysis. There also is no commonly accepted
definition for “disturbed” lands, which complicates efforts to select appropriate lands. While
most developers and environmental organizations can agree that projects should be targeted for
already disturbed land, there currently is no common understanding of what disturbed

lands include.

Future efforts could assist in providing a clear definition of what disturbed lands are and under
what conditions they would be appropriate for solar development. Siting decisions could also be
improved by including additional filtering criteria optimization tools for important siting
components, such as proximity to transmission or other infrastructure, cost structures of certain
utilities, and overlap with sensitive environmental regions. A more detailed analysis could also
examine various agricultural parameters (e.g., revenue per acre, crop type, or water usage) to see
how local incomes could be affected by new solar projects. This could be analyzed in
conjunction with estimates of how solar development could affect national and regional levels of
food and other agricultural production. Future work could also develop an interactive online
siting tool, which could be implemented in an existing framework, such as the Solar Power
Prospector,” to assist developers and interested stakeholders in identifying appropriate lands for
solar development.

Results of this work indicate that there is sufficient disturbed and contaminated land available for
siting solar energy technologies to achieve SunShot Initiative solar deployment goals, without
requiring the use of existing agricultural or other land in productive use. Future studies can build
off this work to identify potential pathways and barriers to achieving this goal.

? Find the Solar Power Prospector at http:/maps.nrel.gov/prospector.
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6 Conclusion

Of the estimated 80 million acres of contaminated and disturbed land in the United States,
approximately 20 million acres could be suitable to host deployment of utility and commercial-
scale PV and CSP technologies, as examined in this report. The DOE SunShot Initiative goals
could theoretically be met by development of solar projects on previously disturbed or
contaminated lands. Future development efforts could prioritize this degraded land over
pristine lands.

The technology performance, costs, and economic impacts associated with new solar projects
were analyzed for top 25 largest potential sites for CSP, utility-scale PV, and commercial-scale
PV. Several characteristics, including LCOE, type of technology, solar resource, and energy
generation, may vary greatly across sites and regions. LCOE values are generally lower in the
Southwest, where solar resources are highest.

One benefit of developing solar projects on disturbed and/or contaminated lands advantage is
that these projects could stimulate and revitalize local and state economies in areas without many
productive land uses. Other potential benefits of siting projects on disturbed and/or contaminated
lands as opposed to productive lands include reduced delays due to litigation and other siting
permitting processes as well as reduced requirements for purchasing environmental mitigation
land. Conversely, the tradeoffs associated with developing solar power on contaminated and
disturbed lands, compared to other lands, could lead to increased infrastructure costs or increased
permitting requirements.

Our report does not address whether CSP technologies are preferred over PV, but rather
examines some of the tradeoffs that should be considered in identifying the best option to
develop these lands. The report has identified locations and sites that may have high potential for
development, and further analysis at a local or state level could contribute to a more complete
assessment in the future.
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Appendix A. EPA Land Definitions

Abandon Mine Land (AML): Those lands, waters, and surrounding watersheds contaminated
or scarred by extraction, beneficiation, or processing of ores and minerals. Abandoned mine
lands include areas where mining or processing activity is temporarily inactive (EPA 2012a).

Agricultural: Defined broadly as land used primarily for production of food and fiber
(Anderson 2001).

Barren: Land of limited ability to support life and in which less than one-third of the area has
vegetation or other cover (Anderson 2001). It is an area of thin soil, sand, or rocks and if
vegetation is present it is more widely spaces and scrubby.

Brownfield: The term "brownfield site" means real property, the expansion, redevelopment, or
reuse of which may be complicated by the presence or potential presence of a hazardous
substance, pollutant, or contaminant (EPA 2012d).

Disturbed: Land in an altered and often non-vegetated state that due to disturbances.
Disturbances can be from mechanical means (forest clear-cutting, earthmoving, scraping,
chaining, reservoir drawdown, and other human-induced changes) or from non-mechanical
means (disturbances caused by wind, floods, fire, animals, etc.) (USGS 2012).

Invasive Species: A non-indigenous plant or animal species that can harm the environment,
human health, or the economy (EPA 2012e¢).

Resource Conservation and Recovery Act site: A site that is subject to clean up under the
Resource Conservation and Recovery Act due to past or current treatment, storage or disposal of
hazardous wastes and that has historical releases of contamination (EPA 2012b). “RCRA
brownfields” are RCRA facilities where reuse or redevelopment is slow due to real or perceived
concerns about actual or potential contamination, liability, and RCRA requirements.

Superfund: 1. The program operated under the legislative authority of CERCLA
(Comprehensive Environmental Response, Compensation, and Liability Act of 1980) and SARA
(Superfund Amendments and Reauthorization Act) that funds and carries out EPA solid waste
emergency and long-term removal and remedial activities. These activities include establishing
the National Priorities List, investigating sites for inclusion on the list, determining their priority,
and conducting and/or supervising cleanup and other remedial actions. 2. A fund set up under
CERCLA to help pay for cleanup of hazardous waste sites and to take legal action to force those
responsible for the sites to clean them up. The Superfund consists of funds from taxes imposed
upon the petroleum and chemical industries, an environmental tax on corporations, and from
general tax revenues (also known as Trust Fund and Hazardous Waste Superfund) (EPA 2012e).
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Appendix B. Land Classification System

Table B-1. Land Use Categories From NLCD

Land use category reported Land use category for this
analysis

Orchards Vineyards and Other High Structure

Agriculture

Cultivated Cropland Agriculture

Pasture/Hay

Undifferentiated Barren Land Barren lands

Introduced Upland Vegetation - Annual Grassland
Introduced Upland Vegetation - Perennial
Grassland and Forbland

Invasive species

Introduced Upland Vegetation - Shrub

Disturbed, Non-specific
Disturbed/Successional - Grass/Forb
Regeneration

Disturbed/Successional - Shrub Regeneration Disturbed
Quarries, Mines, Gravel Pits and Oil Wells

Table B-2. Land Use Categories for California

Land use category for this
Land use category reported analysis

Cropland and Pasture

Irrigated row and field crops
Irrigated hayfield
Dryland grain crops Agriculture

Rice fields

Confined Feeding Operations

Other Agricultural Land

Mixed barren land Barren lands

Quarries, and gravel pits

— Disturbed
Transitional bare areas
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Table B-3. Land Use Categories From SWREGAP

Land use category reported Land use category for this
analysis

Agriculture Agriculture

Barren Lands, Non-specific Barren lands

Invasive plants Invasive Species

Disturbed, non-specific Disturbed

Recently burned

Recently mined or quarried

Disturbed, Oil well
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Appendix C. Additional Maps

DISTURBED LANDS MAPS
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Figure C-1. Total barren, invasive, disturbed (BID) land without any restrictions
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Figure C-2. Total agriculture land without any restrictions
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Figure C-3. Large-scale commercial: BID land with land/slope restrictions
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Figure C-4. Large-scale commercial: Agriculture land with land/slope restrictions
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Disturbed Sites: PV Potential
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Figure C-5. Utility scale: BID land with land/slope/solar restrictions
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Figure C-6. Utility scale: Agriculture land with land/slope/solar resource
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Figure C-7. Agriculture top 25 sites by area (large-scale commercial PV)
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Figure C-8. Agriculture top 25 sites by area (utility-scale PV)
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Figure C-9. Agriculture top 25 sites by area (CSP)
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Figure C-10. LCOE maps of sites with highest solar resource (large-scale commercial PV on
barren, invasive species, and disturbed lands)
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Figure C-11. LCOE maps of sites with highest solar resource (large-scale commercial PV on
agricultural lands)
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Figure C-12. LCOE maps of sites with highest solar resource (utility-scale PV on barren, invasive
species, and disturbed lands)
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Figure C-13. LCOE maps of sites with highest solar resource (utility-scale PV on
agricultural lands)
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Figure C-14. LCOE maps of sites with highest solar resource (CSP on barren, invasive species,
and disturbed lands)
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Disturbed Sites: CSP Potential
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Figure C-15. LCOE maps of sites with highest solar resource (CSP on agricultural lands)
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Figure C-16. All contaminated sites
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Contaminated Sites: Commercial PV Potential
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Figure C-17. Contaminated sites with land/slope restrictions (large-scale commercial PV)
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Figure C-18. Contaminated sites with land/slope restrictions (utility-scale PV)
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minimum solar resource of 6 kWh/m?/day)
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Figure C-19. Contaminated sites with land/slope/solar restrictions (CSP)
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Figure C-21. Levelized cost of electricity map (large-scale commercial
minimum solar resource of 6 kWh/mzlday)
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Contaminated Sites: Large-Scale Commercial PV Potential
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Figure C-23. Levelized cost of electricity map (large-scale commercial PV on non-federal lands, no

minimum solar resource)
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Figure C-24. Levelized cost of electricity map (utility-scale PV on federal lands, minimum solar
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Contaminated Sites: Utility PV Potential
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Figure C-25. Levelized cost of electricity map (utility-scale PV on non-federal lands, minimum
solar resource of 6 kWh/mzlday)

Contaminated Sites: CSP Potential
Federal Lands
A
)
e
@]
e
®
-~ @
o
5 L
@
@
Souroe 115, Envarmerds Protcion Agercy
RE-Power Amer
LCOE Annual Energy Generation T
© $0.208 - $0.232/kWh O 246,701,000 - 276,000,000 kWh e e oai © 610 WA ay
O $0.186 - $0.207/kWh O 276,000,000 - 310,000,000 kWh & s, O Cooled
© $0168-$0185KWh (™) 310,000,000 - 340,135,000 kWh INREL

Figure C-26. Levelized cost of electricity map (CSP on federal lands, minimum solar resource of 6
kWh/m?/day)
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Contaminated Sites: CSP Potential
Non-Federal Lands
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Figure C-27. Levelized cost of electricity map (CSP on non-federal lands, minimum solar resource
of 6 kWh/m*/day)
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