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Executive Summary

This report represents an important initial activity of the U.S. Department of Agriculture, Forest
Service (USFS), to identify and evaluate the potential for solar and wind energy resource
development on National Forest System (NFS) public lands, including administrative and
physical limitations on access to them. Ultimately, USFS should find this information valuable
in making land management decisions that include consideration of the potential for industry
development and use of solar and wind energy resources on NFS lands.

To accomplish this task, USFS and the U.S. Department of Energy’s National Renewable Energy
Laboratory (NREL) established a partnership to conduct an assessment of solar and wind energy
resources on NFS lands in the continental United States. The objective of this collaboration was
to identify those National Forest and Grassland units that likely have the highest potential for
private-sector development of solar and wind energy resources.

The USFS/NREL team used Geographic Information System (GIS) data to analyze and assess
the potential for concentrating solar power (CSP), photovoltaics (PV), and wind resources and
technologies on public lands. USFS, NREL, and industry representatives jointly developed
screening criteria for each of these solar and wind resources to produce GI1S-based maps and
analyses. The team identified the top 25 National Forest System Units with areas having the
highest potential for CSP, PV, and wind.

The assessment resulted in the following findings:

e Ninety-nine National Forest Units have high potential for power production from one or
more of these solar and wind energy sources

e Twenty National Forest Units in nine states have high potential for power production
from two or more of these solar and wind energy sources.

This assessment report provides USFS with information needed to include in its land and
resource management decisions for consideration of the potential for solar and wind energy
development on NFS lands.



Definitions

BEF Bonneville Environmental Foundation

BLM Bureau of Land Management

B&O Business and Operation Tax

CEC California Energy Commission

CSP Concentrating Solar Power

CSR Climatological Solar Radiation Model

DEM Digital Elevation Model

DOD U.S. Department of Defense

DOE U.S. Department of Energy

DOl U.S. Department of Interior

EERE DOE Office of Energy Efficiency and Renewable Energy
EILP Energy Improvements Loan Program

EPS Environmental Portfolio Standard

ESCO Energy Services Companies

IEEE Institute of Electrical and Electronic Engineers
IOU Investor-owned Utilities

GIS Geographic Information Service

MACRS Modified Accelerated Cost Recovery System
NEC National Electric Code

NFS National Forest Service

NREL National Renewable Energy Laboratory
NWTC National Wind Technology Center, NREL
PEIS Programmatic Environmental Impact Statement
PRC Public Regulation Commission

PSB Public Service Board

PSC Public Service Commission

PTB Price to Beat

PUC Public Utility Commission

PV Photovoltaic

R&D Research and Development

REC Renewable Energy Credits



REP Retail Electric Providers

ROW Right-of-Way

RPS Renewable Portfolio Standard
SELP Small-scale Energy Loan Program
TDU Transmission and Distribution Utility
TOU Time of Use

UL Underwriters Laboratory

USDA U.S. Department of Agriculture
USFS U.S. Forest Service



Assessing the Potential for Renewable Energy
on National Forest System Lands

1. Objective

The U.S. Department of Agriculture, Forest Service’s (USFS) intent to identify the contribution
that National Forest System (NFS) lands can make to increasing the production of domestic
energy resources through solar and wind energy development is consistent with the provisions of
the National Energy Policy. Such an exercise begins with an assessment of the solar and wind
resource potential. This assessment has a two-part objective:

1. To assess the potential for solar and wind energy on NFS lands and

2. To identify National Forest and Grasslands units in the NFS that have the highest
potential for development by industry of power production facilities based on solar
and wind energy.

This report provides information to the USFS, the public, and industry to focus interest in NFS
lands for solar and wind energy development on those areas with high potential.

2. Scope

This solar and wind resource assessment addresses National Forest and Grassland units in the
United States, except Alaska. Alaska was not included because of the lack of transmission
system data in Geographic Information System (GIS) format, a critical element used for
screening high-potential areas for solar and wind energy development. The solar and wind
energy sources and technologies addressed in this report include concentrating solar power
(CSP), photovoltaics (PV), and wind. Included is a CD-ROM of the report in PDF format,
releasable GIS data used in the analysis, PowerPoint files of all GIS maps for each solar and
wind resource analyzed, and Excel files for all tables cited in this report containing lists of NFS
Units with the highest potential for solar and wind energy (Tables 1a-1c, 2, C-1A — C, and C-2).

3. Background

This USFS assessment of the potential for renewable-energy power-production facilities on NFS
lands is consistent with the principal national policy objective to address access limitations to
federal lands to increase solar and wind energy production from domestic solar and wind
resources.

The need for this assessment of the potential for solar and wind energy power production was
also identified as an outcome of the National Conference on Opportunities to Expand Renewable
Energy on Public Lands, hosted by the U.S. Department of the Interior (DOI) and the U.S.
Department of Energy (DOE) in November 2001 in Washington, D.C. The conference was
chaired by the Department of Interior (DOI) Secretary, Honorable Gale Norton, and the DOE
Assistant Secretary for Energy Efficiency and Renewable Energy, David Garman, representing
Energy Secretary Spencer Abraham.

Representatives from the U.S Department of Agriculture (USDA), the Environmental Protection

Agency (EPA), the Department of Defense (DOD), the Council on Environmental Quality, and
the Federal Energy Regulatory Commission also attended. Attendees heard testimony from
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industry on issues related to the development of power from geothermal, wind, solar, biomass,
and hydropower resources on federal lands.

USFS interest in pursuing this solar and wind resource assessment is also based on the
demonstrated high value of the solar and wind resource potential analysis and report developed
by the DOE Office of Energy Efficiency and Renewable Energy (EERE) and the National
Renewable Energy Laboratory (NREL) for the Bureau of Land Management (BLM). The report
is entitled, “Assessing the Potential for Renewable Energy on Public Lands”
(http://www.nrel.gov/docs/fy030sti/33530.pdf).

Action

The USFS will consider potential for solar and wind energy development in National Forests and
Grasslands, as appropriate, in land management decisions, and in making decisions in response
to solar and wind energy exploration and development proposals that require the use and
occupancy of NFS lands. The assessments provide valuable and much needed information. The
assessments enhance the proper evaluation of solar and wind energy development and will be
reviewed during all applicable land and resource management decision making.

Method

The assessment used data readily available from DOE and other sources, as well as appropriate
screens related to such matters as transmission facilities and markets.

Tasks

Four tasks were accomplished in assessing the potential for solar and wind power production on
NFS lands:

1. Gathering of available information on solar and wind energy potential
2. Developing appropriate screening criteria

3. Compiling data identifying National Forest units that have high potential for solar and
wind energy development

4. Documenting high-potential areas in the final report.

Most solar and wind energy uses of NFS lands can occur in a manner consistent with existing
resource management plans. Applicants may apply for an authorization under the appropriate
authority at any time. These existing forest plans identify Specially Designated Areas (which
include, but are not limited to, Wild and Scenic River Corridors, wilderness areas, wildlife areas,
etc.), Inventoried Roadless Areas, and other specially designated management areas where land
management objectives may preclude, or restrict a variety of uses, including solar and wind
energy projects. This assessment will address and identify NFS lands that will be excluded from
solar and wind energy development. Therefore, one possible use of this report may be to assist
USFS in identifying NFS lands with the highest potential for the development of solar and wind
energy resources. While the final assessment results will not reprioritize the order of plan
revisions or amendments, it will provide planners with (1) more information to consider and (2)
opportunity to address solar and wind energy potential in plan amendments and revisions.
Where forest plans acknowledge areas having a high potential for solar and wind energy



development, the procedures needed to process subsequent special-use applications for solar and
wind energy exploration and development can often be streamlined.

4. The Approach for Assessing Solar and Wind Energy Potential
Task 1. Gather Available Information on Solar and Wind Energy Potential

USFS staff from the Forest Service Geospatial Service and Technology Center in Salt Lake City,
Utah, provided NREL with GIS-based data of Forest Service land boundaries, Specially
Designated Areas, and Inventoried Roadless Areas. NREL’s GIS team then produced GIS maps
illustrating solar and wind energy resources, with an overlay of USFS National Forest and
Grassland units. Maps for CSP, PV, and Wind are provided in Appendix C. Renewable
resource and USFS land ownership GIS data descriptions are provided in Appendix B. NREL
resource data for solar (CSP and PV), and wind energy were deemed suitable for a regional-scale
analysis, but more detailed data are necessary for site-specific applications. Descriptions of the
resource data sets used in the analysis are as follows.

Solar

NREL has developed a national solar resource assessment for the United States at a resolution of
approximately 40 km by 40 km. These data are updated periodically. The most recent update
was in 2001 and represents 14 solar collector configurations. The data were developed using
NREL’s Climatological Solar Radiation Model. A higher resolution regional solar resource
assessment was developed by the State University of New York with input from NREL. This
assessment covers the southwestern United States at a 10 km by 10 km resolution. The higher
resolution data was used where available. Appendix B describes the solar data in further detail.

CSP

The CSP analysis used direct normal solar data. These data are pertinent to concentrating
systems that track the sun throughout the day, such as trough collectors or dishes.

PV

The PV analysis used data for a 1-axis tracking flat plate collector with 0 degrees of tilt. These
trackers pivot on their single axis to track the sun, facing east in the morning and west in the
afternoon.

Wind

A low-resolution (~625 km?) United States wind resource assessment was produced in 1987.
Since then, NREL and other organizations have produced updated higher resolution (0.04 to 1
km?) wind resource assessments that better reflect the effects of terrain on the potential wind
resource. The low-resolution wind data captured continental wind patterns. However, the coarse
scale meant that the assigned wind resource could apply to as little as 5% of the area if, for
example, good resources were on ridge crests. Higher resolution digital terrain data allow the
updated wind resource assessments to more accurately depict ridge lines and the effects of
blocking on potential wind resources. These data also produce a more accurate overall picture of
the distribution of the wind resource. However, the updated assessments are model-derived data



and not a substitute for on-site measurements before actual site development, even with the large
increase in resolution.

NREL has completed and validated updated assessments for Arizona, California, Colorado,
Connecticut, Delaware, Idaho, Illinois, Maine, Maryland, Massachusetts, Montana, Nevada, New
Hampshire, New Jersey, New Mexico, North Carolina, North Dakota, Oregon, Pennsylvania,
Rhode Island, South Dakota, Utah, Vermont, Virginia, Washington, West Virginia, and
Wyoming. Additional states assessments are underway by NREL, and several additional states
will be complete by the time this report is published. Information on updated wind resource
assessments is available at http://www.windpoweringamerica.gov.

For this analysis, the updated NREL assessments were used when completed, and the 1987
assessment was used for the rest of the states. Appendix B describes the solar and wind data in
further detail.

USFS-Specific and Other Data

USFS Geospatial Service and Technology Center staff provided detailed GIS data on areas that
should be excluded from development (specially designated areas such as wilderness areas and
wildlife areas and inventoried roadless areas) on USFS lands and National Forest unit boundaries
in the lower 48 states. Other data used in the analysis included topographical data and data on
transmission lines, major roads, and railroads. For more information on data sources, see
Appendix B.

Task 2. Development of Appropriate Screens

USFS and NREL staff held meetings on CSP, PV, and wind to develop screening criteria for GIS
analysis and characterization of the potential for solar and wind power production. The objective
of each screening criteria development meeting was to identify any criteria that impact the
economic and technical feasibility of solar and wind power production. The list of criteria was
then evaluated for its ability to be used in GIS mapping, and GIS data availability and sources
were discussed. Finally, the top six most significant criteria in targeting high-potential solar and
wind power opportunities were selected for Task 3 (for CSP, PV, and wind).

Solar-CSP Screening Criteria Development Meeting

On January 22, 2004, the USFS/NREL team met to develop a list of high-potential site screening
criteria. The following were identified as the most important screening criteria (in order of
importance).


http://www.windpoweringamerica.gov

Central Generation Technology Criteria

1.

Solar resource is at least 5 kWh/m?/day of direct normal radiation and ideally greater
than 7 kWh/m?/day

Slope of land area at the site must be less than 5% and ideally less than 1%

Transmission access is within 25 miles (69-345 kV), and transmission capacity is
available

Forty acres is the minimum parcel size
Site must have access to graded roads or rail within 25 miles

Exclusionary areas include Inventoried Roadless Areas and other Specially
Designated Areas

Distributed Generation Technology Criteria

1
2
3.
4

Solar resource is 5 kwh/m?/day of direct normal
Slope of land area at the site must be less than 10%
Site must have access to graded roads or rail within 25 miles

Exclusionary areas include Inventoried Roadless Areas and other Specially
Designated Areas

The following items were also identified by the meeting participants. But they were not
identified as the most important screening criteria.

Central Generation Technology Criteria

Site must have a low average wind speed (average wind speed < 10 miles/hour)
Water resources must be available

Site should be within 25 miles of a main natural gas pipeline for some configurations
Some vegetation at the site must be removed

Federal, state, and local policies are supportive

Site must allow structures 15-50 feet high. Some technologies could require
structures hundreds of feet tall

Livestock protection is possible.
Light reflection at sites near major roads could be an issue for some technologies
A population center should be within 100 miles

Assess visual resource management on a case-by case basis

Distributed Generation Criteria

The site is within 100 miles of a population center

Transmission access, water availability, and minimum parcel size are not an issue



Solar—PV Screening Criteria Development Meeting

On January 22, 2004, the USFS/NREL team met to develop a well-defined list of screening
criteria. The following items were identified as the most important screening criteria (in order of
importance).

Central Station Technologies for GIS Analysis
1. Solar resource availability is at least 5 kWh/m?/day and favorable to large-scale PV.
Ideally solar resource availability would be 7 kWh/m?/day or greater.
Slope of land area at site must be less than 5% and ideally less than 1%
Forty acres is the minimum parcel size
Site must have access to graded road or rail within 25 miles

o M WD

Transmission access is within 25 miles (69-345 kV) and transmission capacity is
available

6. Exclusionary areas include Inventoried Roadless Areas and other Specially
Designated Areas
Distributed Generation and Small-Scale Technologies for GIS Analysis
1. Full cost of competing power (production, transmission and distribution [T&D],
environmental costs, etc.) is known and favorable to PV

2. Current fuel use at the site (especially unpowered and diesel-powered sites) is known
and favors PV

Water access is available, which is important for water-pumping applications
Grazing sites are good small-scale applications
Existing and planned recreation areas are good for remote applications

o o~ W

Exclusionary areas include Inventoried Roadless Areas and other Specially
Designated Areas

The following items were also identified by the meeting participants, but they were not identified
as the most important screening criteria.

e Cost of environmental impacts of existing infrastructure is favorable to PV
e Cost of maintaining existing energy infrastructure is favorable

e High or unigue environmental standards exist in the region

e Cost of a site-specific environmental assessment is favorable

e Security must be considered

e Road access is needed for construction equipment

e Extending transmission is needed in some cases for large-scale PV systems
e Projected growth in the region is known, if supplying additional energy



e Local utilities and peak unit power production costs should be considered
e Visual resource impacts need to be assessed on a case-by-case basis

e Full cost of competing power (production, T&D, environmental costs, etc.) is known
and favorable to PV

e Electric power regulatory regime (want retail access) is favorable to PV

e Federal, state, and local policies are supportive

Wind Screening Criteria Development Meeting

On January 23, 2004, the USFS/NREL team and a selected member of the wind-energy
community at the National Wind Technology Center (NWTC) to develop a well-defined list of
screening criteria. The following items were identified as the most important screening criteria
(in order of importance):

1.

5.
6.

Wind resource is wind power Class 4 and above for short term, Class 3 and above for
long term

Transmission access is within 25 miles (69-345 kV) and transmission capacity is available
Site must have access to graded roads within 25 miles

Exclusionary areas include Inventoried Roadless Areas and other Specially Designated
Areas

Site is not within 3 km of an urban area
Slope of land area is a 20% grade (maximum) or less.

The following items were also identified by the meeting participants, but were not identified as
the most important screening criteria:

Ease of permitting and siting should be considered, including siting in a manner that
minimizes or mitigates impacts to visual resources, noise, avian species, etc.

Regional market conditions are critical (e.g., electricity rates, load growth, reserve
margins)

Site is within 50 miles of an urban area for operations and maintenance considerations

Turbine array densities that produce 5-7 megawatts (MW) per square kilometer are
typical. Projects are known to require up to 10 square miles, with at least 1 square mile
necessary

Visual resource impacts need to be assessed on a case-by-case basis
Federal, state, and local policies support wind energy

Proximity to load centers or transmission lines connected to load center, with available
capacity required.



Task 3. Compilation of Data Identifying Broad Geographical Areas as High
Potential for Solar and Wind Energy Development

This task ultimately focused on processing GIS data to identify high-potential areas for solar and
wind energy development. A Geographical Information System (GIS) is a computer-based
system used to manipulate, manage, and analyze multidisciplinary geographic and related
attribute data. All the information in a GIS is linked to a spatial reference system used to store
and access the data. GIS data layers can be recombined, manipulated, and analyzed with other
layers of information to identify relationships between features, within a common layer or across
layers.

This analysis was conducted on a regional scale, and the results are suitable for use at the
National Forest unit level. On-site measurement and analysis are recommended before the
development of any facilities, but this analysis should be useful in refining the prospecting
process of site identification.

Initial meetings held to develop technology-screening criteria identified several categories of
GIS data to be used in the screening process. Unfortunately, the GIS data needed to implement
several of the screening criteria were not available or could not be fully implemented in the
limited amount of time available for this analysis. In particular, one constraint was mentioned in
each technology meeting: transmission line congestion and availability. Detailed data are
available, but they are not in a spatially referenced format. Several other data sets were not
available at the regional scale with the level of informational detail that participants wanted, but
they were deemed adequate given the regional nature of the analysis.

The transmission line data set covers the contiguous United States and is generally complete
down to 100 kV. NREL staff thought that lines with lower voltages would be suitable for
development, but a consistent nationwide database for lower voltage lines could not be located.

The screening criteria applied to each technology are described below and results shown in
Figures 1 through 3. All GIS maps showing criteria and final results are in Appendix A.
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Each screening criterion was developed into a separate data layer indicating whether the criterion
was met. The layers were combined into a final data set that included only lands that met all the
criteria for each technology. Maps of individual criteria are in Appendix A.

The criteria listed above were used to identify areas with long-term development potential. A
more restrictive definition of resource availability was used in identifying the NFS Units with the
highest near-term development potential. These NFS Units should not be considered the only
areas with significant development potential, however.

Task 4. Documenting High-Potential Areas for Inclusion in a Solar and Wind
Energy Action Plan

This report is the product of this task. To develop recommendations for this report, USFS and
NREL performed a comparative analysis. They used the solar and wind energy GIS maps
resulting from Task 3 to conduct the analysis.

5. The Comparative Analysis

The GIS maps constructed for Task 3 were used as a starting point to identify the NFS Units with
sites having the highest potential for solar and wind energy development. NREL technology
experts developed the following final technology-specific decision rules. Each rule was used as
a last screening criterion to eliminate marginal and less desirable solar and wind energy sites
from the final maps developed under Task 3.

CSP

Include all sites with a solar resource of 7 kWh/m?/day or greater and terrain slope less than or
equal to 1%.

PV

Include all sites with a solar resource of 7 kWh/m?/day or more and terrain slope less than or
equal to 1%.

Wind

Include all sites that are in Wind Class 4 or greater and are within the proximity of either a major load center
(city) or a major transmission line connecting with a major load center.

After the final decision rules were applied to technology-specific maps, the land area of the remaining solar
and wind energy sites was summed on an administrative forest unit basis. This summed list was then rank-
ordered on a technology-by-technology basis. The top 25 NFS Units in the rank-ordered list were identified
by the USFS/NREL team as units having the highest potential. NFS Units for each technology are
presented in descending order of total land area for CSP, PV, and wind in Tables 1a-1c. Figure 4 presents a
GIS map representing the NFS Units with the highest potential for all technologies. From GIS screening
analysis, estimates of maximum developable acres and related MW are also provided.
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Table 1a. National Forest Units with the Largest Total Land Area of High-Potential
Concentrating Solar Power Sites with Solar Resources of 7 kWh/m?%/Day or More
(in Descending Order of Total Land Area)

_ _ Area Maximum
National Forest Unit (acres) Devel_oment
Potential (MW)*

Coconino Arizona 222,509 44,502
Apache-Sitgreaves Arizona 180,086 36,017
Cibola New Mexico 93,157 18,631
Kaibab Arizona 78,944 15,789
Prescott Arizona 75,583 15,117
Gila New Mexico 74,585 14,917
Tonto Arizona 51,456 10,291
Coronado Arizona 15,666 3,133
Santa Fe New Mexico 14,490 2,898
Inyo California 12,474 2,495
Nevada 1,236 247
Inyo Total 13,709 2,742
Dixie Utah 6,523 1,305
Humboldt-Toiyabe California 69 14
Nevada 4,092 818
Humboldt-Toiyabe Total 4,161 832
San Bernardino California 3,647 729
Rio Grande Colorado 3,064 613
Carson New Mexico 2,323 465
Lincoln New Mexico 2,224 445
Cleveland California 1,236 247
Sequoia California 979 196
Pike-San Isabel Colorado 247 49
Sierra California 237 a7

* Assuming 1 MW per 5 acres

13



Table 1b. National Forest Units with the Largest Total Land Area of
High-Potential Photovoltaic Sites with Solar Resources of 7 kWh/m?/Day
or More (in Descending Order of Total Land Area)

_ _ Area Maximum
National Forest Unit (acres) Devel_opment
Potential (MW)*
Pike-San Isabel Colorado 448,832 89,766
Pike-San Isabel Kansas 107,815 21,563
Cibola New Mexico 189,150 37,830
Texas 203,195 40,639
Cibola Total 392,345 78,469
Coconino Arizona 230,900 46,180
Apache-Sitgreaves Arizona 184,208 36,842
Kaibab Arizona 109,248 21,850
Gila New Mexico 89,401 17,880
Prescott Arizona 79,942 15,988
Inyo California 67,854 13,571
Nevada 1,483 297
Inyo Total 69,336 13,867
Humboldt-Toiyabe California 2,372 474
Nevada 61,686 12,337
Humboldt-Toiyabe Total 64,058 12,812
Tonto Arizona 57,021 11,404
Dixie Utah 38,063 7,613
Carson Colorado 10 2
New Mexico 37,589 7,518
Carson Total 37,599 7,520
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Table 1b (continued). National Forest Units with the Largest Total Land Area of
High-Potential Photovoltaic Sites with Solar Resources of 7 kWh/m?/Day or More
(in Descending Order of Total Land Area)

Maximum
National Forest Unit Area (acres) DeF\)/gtlgrp])tr;wael:nt
(MW)*

Santa Fe New Mexico 34,979 6,996
San Juan Colorado 24,413 4,883
Lincoln New Mexico 24,038 4,808
Coronado Arizona 17,337 3,467
Los Padres California 11,040 2,208
Rio Grande Colorado 10,042 2,008
Plumas California 8,510 1,702
Tahoe California 7,334 1,467
Sierra California 7,116 1,423
Sequoia California 5,347 1,069
San Bernardino California 4 557 911
Cleveland California 3,954 791
Fishlake Utah 2,224 445

* Assuming 1 MW per 5 acres.
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Table 1c. National Forest Units with the Largest Total Land Area in Wind Class 4
or More (in Descending Order of Total Land Area)

Maximum

National Forest Unit Area (acres) Deg(()atlgrr])trilglant
(MW)*

Dakota Prairie Grasslands North Dakota 836,453 16,925
South Dakota 292,804 5,925
Dakota Prairie Grasslands Total 1,129,257 22,850
Nebraska Nebraska 72,108 1,459
South Dakota 889,303 17,995
Nebraska Total 961,411 19,454
Medicine Bow-Roultt Colorado 15,696 318
Wyoming 870,859 17,622
Medicine Bow-Routt Total 886,555 17,939
Pike-San Isabel Colorado 418,202 8,462
Kansas 13,042 264
Pike-San Isabel Total 431,244 8,726
Arapaho-Roosevelt Colorado 407,464 8,245
Cibola New Mexico 12,750 258
Oklahoma 138,887 2,810
Texas 88,252 1,786
Cibola Total 239,889 4,854
Lincoln New Mexico 91,101 1,843
Angeles California 71,560 1,448
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Table 1c (continued). National Forest Units with the Largest Total Land Area in
Wind Class 4 or More (in Descending Order of Total Land Area)

Maximum
National Forest Unit Area (acres) Development

Potential (MW)*
Monongahela West Virginia 63,159 1,278
Ottawa Michigan 57,175 1,157

Green Mountain and Finger
Lakes New York 259 5
Vermont 53,344 1,079

Green Mountain and Finger

Lakes Total 53,603 1,085
Gifford Pinchot Washington 52,059 1,053
Lolo Montana 49,548 1,003
Idaho Panhandle Idaho 47,582 963
Montana 1,690 34
Washington 99 2
Idaho Panhandle Total 49,371 999
Mt. Hood Oregon 47,621 964
Ouachita Arkansas 40,086 811
Oklahoma 2,828 57
Ouachita Total 42,913 868
Cherokee Tennessee 42,321 856
Wenatchee Washington 40,297 815
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Table 1c (continued). National Forest Units with the Largest Total Land Area in
Wind Class 4 or More (in Descending Order of Total Land Area)

Maximum
National Forest Unit Area (acres) Development

Potential (MW)*

White Mountain Maine 1,522 31
New

Hampshire 36,185 732

White Mountain Total 37,707 763

Santa Fe New Mexico 36,630 741

George Washington Virginia 29,069 588

West Virginia 6,741 136

George Washington Total 35,810 725

National Forests in North Carolina North Carolina 34,707 702

Sawtooth ldaho 27,873 564

Utah 6,029 122

Sawtooth Total 33,902 686

Humboldt-Toiyabe California 8,767 177

Nevada 24,987 506

Humboldt-Toiyabe Total 33,754 683

Chattahoochee-Oconee Georgia 33,075 669

* Installed nameplate capacity, assuming ~1 MW per 50 acres.
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Consolidated Information for USFS Use

Table 2 lists all the NFS Units that appear on three or more of the technology-specific lists
(Tables 1la-1c). The nine states having NFS Units with two or more solar and wind resources are
Arizona, California, Colorado, Kansas, New Mexico, Nevada, Oklahoma, Texas, and Utah.
USFS may want to consider the particularly high solar and wind energy resource potential when
making land management decisions on those NFS Units that appear at the top of the table.
However, two important points must be considered:

1.

First, while the NFS Units listed in Tables 1a-c and Table 2 are intended to represent
those having the highest potential solar and wind energy development, these tables are
not an exhaustive list of NFS Units with attractive solar and wind energy sites. For
example, many National Forest Units may have 100 MW potential of interest to industry
and surrounding communities.

Second, some NFS Units may contain outstanding sites for one specific technology to the
exclusion of others. If expected project economics are favorable enough, it may be
advisable to give as much, or more, consideration to the potential for solar or wind
energy development in the land and resource management decisions of these sites over
those of others that contain favorable sites for multiple technologies. Thus, Table 2 must
be viewed primarily as a starting point for discussions regarding the consideration of
solar and wind energy potential in USFS land and resource management decisions.
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Table 2. U.S. National Forest Units with High Potential for the
Development of Two or More Solar and Wind Energy Sources

National Forest Unit ‘ State CSP ‘ PV Wind
Three or more sources
New Mexico

Oklahoma . o o
Cibola Texas

California . . .
Humboldt-Toiyabe Nevada
Lincoln New Mexico o o o

Colorado . . .
Pike-San Isabel Kansas

California . . .
Sante Fe Nevada

Two or more sources
Apache-Sitgreaves Arizona o o
Carson New Mexico ) o
Cleveland California ) o
Coconino Arizona ) o
Arizona . .

Coronado New Mexico
Dixie Utah . .
Gila New Mexico ) o
Inyo New Mexico ) o
Kaibab Arizona ) o
Prescott Arizona o o
Rio Grande Colorado o o
San Bernardino California o o
Sequoia California o o
Sierra California o o
Tonto Arizona o o
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Figure 4. NFS Units with the Highest Potential for
Solar CSP, Solar PV, and Wind

As an alternative way of viewing the assessment results, Appendix C, Tables C-1A, C-1B, and
C-1C list all NFS Units, with some level of screened resource, in alphabetical order providing
Maximum Development Potential (in MW) for CSP, PV, and Wind. Appendix C, Table C-2
lists all NFS Units, with some level of screened resource, providing Maximum Development
Potential (in MW) and grouped by state. State Renewable Energy Climate ratings from Table 3
are supported with detailed Federal and State solar and wind energy policies listed in Table D-1
as of November 2004.

State Government Solar and Wind Energy Policies

State-level policies are also an important consideration in land management decisions. As a result
of an ongoing deregulating process, many states have enacted a variety of laws and rules providing
incentives for solar and wind energy use. However, the size of these incentives varies from state to
state. Some states have worked aggressively to create an environment in which solar and wind
energy projects have the potential to flourish, while others have adopted a more policy-neutral
response. Because the energy policy environment in each state will evolve over time, current state-
level incentives should not be the primary driver of USFS land use decisions with respect to solar
and wind energy. Current state-level incentives should rather serve as just another piece of
information in land and resource management decisions. Table 3 summarizes major state-specific
solar and wind energy policies for the 24 states that were identified on the Top 25 NFS Units listed
in Tables 1a-c.

21



State

Arizona

Table 3. Summary of State Solar and Wind Energy Policies

Solar and Wind
Energy Climate

Highly Favorable

Key Policies

Many policies are in place, including (1) a green-tag
purchase program, (2) green-power purchasing, (3)
generation disclosure, (4) net metering, and most
important, (5) a solar and wind energy portfolio standard.

California

Highly Favorable

Many policies are in place, including (1) a solar and wind
energy tax credit, (2) a supplemental energy payments
production incentive, (3) a solar property tax exemption,
(4) green-power purchasing, (5) generation disclosure,
(6) a net-metering law, (7) a public benefits fund, and (8)
a solar and wind energy portfolio standard.

Colorado

Highly Favorable

Colorado offers (1) a green-tag purchase program, (2)

generation disclosure, (3) green-power purchasing, (4)
net metering, and (5) a solar and wind energy portfolio
standard.

Georgia

Favorable

Georgia has policies in place, including (1) a green-tag
purchase program, (2) TVA — Green Power Switch
Generation Partners Program, and (3) net metering.

Idaho

Neutral

Idaho Power offers a green-tag purchase program, and
net metering.

Kansas

Neutral

Kansas offers a green-tag purchase program and a solar
and wind energy property tax exemption.

Maine

Highly Favorable

Many policies are in place, including (1) a green-tag
purchase program, (2) generation disclosure, (3) green-
power purchasing, (4) net metering, and (5) a solar and
wind portfolio standard.

Michigan

Neutral

Multiple policies are in place, including (1) a green-tag
purchase program, (2) a state grant program, and (3)
generation disclosure.
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Table 3 (continued). Summary of State Solar and Wind Energy Policies

State

Nevada

Solar and Wind

Energy Climate

Highly Favorable

Key Policies

Many policies are in place, including (1) a green-tag
purchase program, (2) solar and wind energy credits,
(3) a renewable energy producers property tax
exemption, (4) a renewable energy systems exemption,
(5) a renewable energy/solar sales tax exemption, (6)
generation disclosure, (7) a net-metering law, and most
important, (8) a solar and wind energy portfolio
standard.

New
Hampshire

Neutral

New Hampshire offers a green-tag purchase program,
and net metering.

New Mexico

Highly Favorable

Many policies are in place, including (1) a solar and
wind energy production tax credit, (2) a green-tag
purchase program, (3) a mandatory utility green-power
option, (4) net metering, and (5) a solar and wind
portfolio standard.

New York

Highly Favorable

New York offers (1) a green-tag purchase program, (2)
a solar and wind energy systems exemption, (3)
generation disclosure, (4) green-power purchasing, (5)
net metering, (6) a systems benefit charge, and (7) a
solar and wind portfolio standard.

North
Carolina

Favorable

Multiple policies are in place, including (1) a green-tag
purchase program, (2) TVA — Green Power Switch
Generation Partners program, and (3) an energy
improvement loan program.

North Dakota

Favorable

North Dakota offers (1) a green-tag purchase program;
(2) a large wind property tax reduction; (3) a
geothermal, solar, and wind property tax exemption; (4)
a large wind sales tax exemption; and (5) net metering.

Oklahoma

Favorable

Many policies are in place, including (1) a zero
emission facilities production tax credit, (2) a green-tag
purchase program, and (3) net metering.
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Table 3 (continued). Summary of State Solar and Wind Energy Policies

State

Oregon

Solar and Wind
Energy Climate

Highly Favorable

Key Policies

Several policies in place, including (1) business energy
tax credit, (2) a solar and wind energy grant, (3) Solar
Starters production incentive, (4) a green-tag purchase
program, (5) a new solar and wind energy resources
grant, (6) a small-scale energy loan program, (7) green-
power purchasing program, (8) generation disclosure,
(9) net metering, and (10) a public benefits fund.

South Dakota

Neutral

South Dakota offers a green tag purchase program and
a wind energy property tax exemption.

Tennessee

Favorable

Many policies are in place, including (1) a green-tag
purchase program, (2) TVA — Green Power Switch
Generation Partners program, and (3) a wind energy
systems tax exemption.

Texas

Highly Favorable

Several policies are in place, including (1) a Hansford
County tax abatement, (2) a green-tag purchase
program, (3) generation disclosure, (4) net metering,
and (5) a solar and wind energy portfolio standard.

Utah

Neutral

Utah offers (1) a green-tag purchase program, (2)
green-power purchasing, and (3) net metering.

Vermont

Neutral

Multiple policies are in place, including (1) a green-tag
purchase program, (2) biomass grants, (3) generation
disclosure, and (4) net metering.

Washington

Favorable

Several policies are in place, including (1) a solar and
wind energy grant, (2) Solar Starters production
incentives, (3) a green-tag purchase program, (4) a sales
and use tax exemption, (5) generation disclosure, (6)
green- power purchasing, (7) a mandatory utility green-
power option, and (8) net metering.

West Virginia

Favorable

West Virginia offers (1) a tax exemption for wind
energy generation, (2) a green-tag purchase program,
and (3) a special property tax assessment for wind
energy systems.

Wyoming

Neutral

Wyoming has a green-tag purchase program and net
metering.
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6. Recommendations

1. Table 2 shows the NFS Units with the highest potential for projects using two or more solar
and wind energy sources. The USFS can use Table 2 in decisions to revise or amend land use
plans, in demonstrating the contribution that NFS lands can make toward the renewable
energy component of the National Energy Policy.

2. As USFS addresses land management decisions and responds to proposals for solar or wind
energy exploration and development on NFS Units, we recommend that USFS leverage some
of the land management activities supporting solar and wind development currently being
conducted on public lands managed by the Bureau of Land Management (BLM), including
the following:

a. BLM issued Instructional Memorandums for Interim Wind and Solar Development
Policy providing guidance for BLM field offices to address and streamline industry
applications for Right-of-Way (ROW) Grant Authorizations. The interim policy for
wind may be accessed at http://www.blm.gov/nhp/efoia/wo/fy03/im2003-020.htm
and the interim policy for solar development is available at
http://www.blm.gov/nhp/efoia/wo/fy05/im2005-006.htm.

b. BLM, in response to a high level of wind industry land use applications, is developing
a Wind Programmatic Environmental Impact Statement (PEIS) for 11 western states.
A BLM Record of Decision on the Final Wind PEIS is planned for summer of 2005.
A key goal of the BLM Wind PEIS is to streamline land use plan amendments to
incorporate wind power development. Additionally, the BLM Wind PEIS will
provide best management practices for potential wind development projects, which
may streamline industry National Environmental Policy Act compliance requirements
for wind development on public lands. Because the PEIS is broad and not site
specific, the USFS may consider adopting BLM Wind PEIS findings for land use
planning decisions and potential industry applications for wind power projects.

c. BLM has received more than 100 industry applications for wind resource monitoring
and has processed more than 60 applications. USFS coordination with BLM on
current land use permits for wind development may identify locations of land
adjacent to USFS lands.

3. Consider participation with national and regional partnership organizations, focused on
renewable energy development, such as State Wind Working Groups, National Wind
Coordinating Council, Western Governors Association, and the Western Utility Group
(focused on ROW corridor planning).
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Appendix A

U.S

. Renewable Resource GIS Maps
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Wind Analysis: Annual Resource >=Class 3 at 50 m
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7 Superb > 800 >88 >19.7 wind o andfor validated by NREL. In states with low resolution " Ne=t
giii : dala (Alabama, Arkansas, Florida, Georgia, Indiana, Michigan, Mi ppi. Missouri - e
Wind speeds are based on a Weibull k value of 2.0 Mebraska, Mew York, Ohio, Oklahoma, South Carolina, Texas, and as -
ittle as 5% of the area shown may actually be classified as windy land. 06-DEC-2004 5.1.1
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Wind Analysis: Within 25 Miles of Graded Roads
on National Forest System Lands

USDA Forest Service

&

U.S. Department of Energy
National Renewable
Energy Laboratory

Data for graded roads was provided by the USDA

Forest Service for their National Forest System Lands.
06-DEC-2004 51.2
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Wind Analysis: Within 25 Miles of Transmission
Lines Between 69 and 345 kV

|- N

1 iy
2, o
% .

USDA Forest Service

s

U.S. Department of Energy
National Renewable
Energy Laboratory

06-DEC-2004 51,3
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Wind Analysis: Compatible National Forest System Lands

USDA Forest Service

U.S. Department of Energy
National Renewable
Energy Laboratory

A\

N

06-DEC-2004 51,4
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Wind Analysis: Screened Results

[ Excluded National Forest System Lands

Wind Power Classification USDA Forest Service
Wind Resource  Wind Power Wind Speed® Wind Speed?
Power Potential Densityat50m at50m at50 m
Class Wim2 mis mph :
) The annual wind power estimates shown combine high (0.2 - 1 km) and low (25 km) resolution -
3 Fair 300- 400 64- 7.0 14.3-157 wind duced andlor validated by NREL. In states with low resolution+ = U.S. Department of Energy
4 Good 400 - 500 7.0- 75 15.7-16.8 data (Alabama, Arkansas, Florida, Georgia, Indiana, Michigan, Mi Mississippl, Missouri National Renewable
5 Excellent  500- 600 75-80  16.8-17.9 i T B et sty Tt B Wenonei 1 Energy Laboratory
6 Outstanding 600 - 800 8.0- 88 17.8-19.7
7 Superb = 800 >8.8 >19.7 Areas were excluded if they were: less than class 3 level wind resource; > 25 miles from graded
_— ’ roads; > 25 miles from transmission lines between 69 - 345 kV; within 3 km of major urban areas;
Wind speeds are based on a Weibull k value of 2.0 an Inventoried R Area or Specially Desig Area on National Forest System Land;
or had slope > 20%.
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Total Screened Wind Potential
(MW of Installed Capacity)

0

0- 20
20- 100
100- 500
500- 1,000
1,000 - 23,000

USDA Forest Service
The annual wind power estimates shown combine high (0.2 - 1 km) and low (25 km) resolution o~
wind resource assessments produced andlor validated by NREL. In states with low resolution « U.5. Department of Enel
data (Alabama, Arkansas, Florida, Georgia, Indiana, Michigan, Mi Mississippi, M i Natif:al Renewable oy
MNebraska, Mew York, Ohio, Oklahoma, South Carolina, T Texas, and Wi in), as E Laborato

little as 5% of the area shown may actually be classified as windy land. "E_TQ!" ralory

Areas were excluded if they were: less than class 4 level wind resource; > 25 miles from graded

roads; > 25 miles from transmission lines between 69 - 345 kV; within 3 km of major urban areas;

an i Area or Specially Desi Area on Nati Forest System Land; —

or had slope > 20%. 06-DEC-2004 3.1.3

A-21




MFS Uinits with Highest Potential A
Resource Typa e { USDA Fores! Senice

B solar CSP, Solar PV, and Wind
0 sctar C5P and Solar PV

B wina
[ sclar Py L
— 2 1.8, Deparment o Energy
E%ZW&E%:&:‘:E’W’L&;%W“ NFS Units with the Highest Potential for o S
Wind: 25 ol oree ke, eacuso s cas 4 nd ahove Solar CSP, Solar PV, and Wind e TREL
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Appendix B

Detailed Description

and Data Sets for GIS Maps



Resource Data
Solar

This report utilizes two solar datasets: a national solar resource assessment for the United States
at a resolution of approximately 40 km by 40 km and a regional solar resource assessment for the
southwestern United States at a resolution of approximately 10 km by 10 km. The CSP analysis
utilized direct normal data, which represent concentrating systems that track the sun throughout
the day, such as trough collectors or dishes. The PV analysis used data representing a 1-axis
tracking flat plate collector with O degrees of tilt, oriented in a north-south direction.

The national dataset was produced by the Climatological Solar Radiation (CSR) Model,
developed by NREL for DOE. The data are updated periodically; the most recent update was in
mid-2001 and represents 14 collector configurations. The solar resource is represented as
kilowatt-hours per square meter per day for each month (kWh/m?day), representing an average
over 7 years (1985-1991). This model uses information on cloud cover, atmospheric water vapor
and trace gases, and the amount of aerosols in the atmosphere to calculate the instantaneous
insolation from both the sun and the sky. These can be combined to simulate the total radiation
falling on a flat surface tilted in any direction. Where possible, existing ground-measurement
stations were used to validate the model. Nevertheless, uncertainty is associated with the
meteorological input to the model because some of the input parameters are not available at a 40-
km resolution. As a result, the modeled values are believed to be accurate to approximately 10%
of a true measured value within the grid cell.

The southwest regional dataset was developed by the State University of New York’s GOES
satellite solar model. This data provides monthly average and annual average daily total solar
resource averaged over surface cells of approximately 10 km by 10 km in size. The solar
resource value is represented as KWh/m?/day, representing an average over 5 years (1998-2002).
This model uses hourly satellite observed visible irradiance, atmospheric water vapor and trace
gases, and the amount of aerosols in the atmosphere to calculate the monthly average daily total
of the normal or beam insolation falling on a tracking concentrator pointed directly at the sun.
Existing ground-measurement stations are used to validate the data where possible. The modeled
values are accurate to approximately 12% of a true measured value within the grid cell as a result
of the uncertainties associated with meteorological input to the model.

Because of terrain effects and other microclimate influences, local cloud cover can vary
significantly even within a single grid cell. Furthermore, the uncertainty of the modeled
estimates increases with distance from reliable measurement sources and with the complexity of
the terrain. Concentrating solar collectors are much more sensitive to solar resource
characteristics than flat-plate collectors, so these sources of uncertainty are more important to
concentrator applications.

Wind

Wind resource data from many different sources was used in this analysis. Updated resource
assessments of Arizona, California, Colorado, Connecticut, Delaware, Idaho, Illinois, Maine,
Maryland, Massachusetts, Montana, Nevada, New Hampshire, New Jersey, New Mexico, North
Carolina, North Dakota, Oregon, Pennsylvania, Rhode Island, South Dakota, Utah, Vermont,
Virginia, Washington, West Virginia, and Wyoming were complete at the time the analysis was
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performed. These assessments have a surface resolution that varies from 1 km by 1 km to 200 m
by 200 m. Additional states assessments are underway by NREL, and several additional states
will be complete by the time this report is published. Most of the updated assessments were
produced using the Mesomap system and historical weather data in a collaborative effort
between NREL and AWS TrueWind Solutions and were validated with available surface data by
NREL and wind-energy meteorological consultants. The Illinois, North Dakota, and South
Dakota wind-resource assessments were produced and validated solely by NREL. The
assessment accuracy for both types of updated wind resource data is generally within 20% for
wind power density for 80% of the areas. A significant difference between these two types of
data is that the AWS assessments account for the effects of surface roughness, whereas the
NREL assessments do not. In areas of high surface roughness (i.e., forest), the wind resource
may be 1-2 power classes lower than shown. For more information, see
http://www.windpoweringamerica.gov/.

For the remaining states, data from the Wind Energy Resource Atlas of the United States was
used. This atlas was produced in 1987 by staff at the Pacific Northwest National Laboratory.
The resolution of the gridded contiguous United States wind resource data is 1/4 degree of
latitude by 1/3 degree of longitude, roughly 25 km by 25 km. Each grid cell was assigned a
wind-power class, which applies only to sites within the grid cell that are well exposed to the
wind. Depending on the terrain type within the grid cell, the portion of the grid cell that is
exposed could vary from as little as 5% (ridge crests) to 95% (flat plains). The values were
assigned by integrating several subjective factors: quantitative wind data; qualitative indicators
of wind speed or power; the characteristics of exposed sites in various terrains; and familiarity
with the meteorology, climatology, and topography of the region. As a result, the degree of
certainty with which the wind power class can be specified depended on the abundance and
quality of wind data, the complexity of the terrain, and the geographical variability of the
resource. For more information, see http://rredc.nrel.gov/wind/pubs/atlas.

Reference:

Elliott, D. L., Holladay, C. G., Barchet, W. R., Foote, H.P., and Sandusky, W.F. 1987. Wind
Energy Resource Atlas of the United States. Golden, CO: Solar Energy Research Institute.
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Other GIS Data Used in the Analysis

Roads: The roads data were provided by the U.S. Forest Service Geospatial Service and
Technology Center. It is a detailed dataset of roads on or near lands managed by the U.S.
Forest Service. A subset of data was selected representing paved or graded roads for the
analyses.

Populated Place Areas: United States populated place areas are represented in this data set, as
identified by the U.S. Census Bureau. Population statistics are based on the 1990 Census.
The data are distributed by Environmental Systems Research Institute, Inc.

Topography: Thirty arc second digital elevation model (DEM) data from the U.S. Geological
Survey were used to calculate percent slope. The DEM has a nominal resolution of 1 km?.

Transmission Lines: The transmission line data used are licensed by NREL from POWERmMap,
©2004 Platts, a Division of the McGraw-Hill Companies. The data are generally
complete down to 100 kilovolts (kV) and contain lower voltage lines in selected areas.
The transmission lines have a nominal accuracy of 1 mile.

U.S. Forest Service management areas, Inventoried Roadless Areas, and Specially
Designated Areas: This data was obtained from the U.S. Forest Service web sites
(http://roadless.fs.fed.us/documents/feis/data/gis/coverages/index.shtml). The data