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1.0 Executive Summary

This report represents an initial activity for the Department of Energy’s Office of Legacy
Management (LM) to identify and evaluate renewable energy resources on LM managed
federal lands. Within DOE LM’s long-term surveillance and maintenance role, a key
function is the establishment of environmentally sound future land uses by evaluating
potential land reuse options.

To support consideration of renewable energy power development as a land reuse option
task, DOE LM and the Department of Energy’s National Renewable Energy Laboratory
(NREL) established a partnership to conduct an assessment of renewable energy
resources on LM lands in the United States.

The LM/NREL team used Geographic Information System (GIS) data to analyze and
assess the potential for concentrating solar power (CSP), photovoltaics (PV), and wind
power generation, on LM lands. GIS screening criteria developed with industry from
previous studies for the Bureau of Land Management and the US Forest Service were
applied to produce tables prioritized by renewable resource potential for all federal lands
provided by LM.

In June 2007, DOE LM, NREL, BLM, DOE Office of Energy Efficiency and Renewable
Energy, EPA, Solar and Wind Industry representatives met to exchange views and issues
on potential renewable energy land reuse options. A principal objective was to gauge the
renewable industry’s interest in pursuing renewable power development on LM Lands.
The industry had concerns about the generally small parcels of LM land available and the
additional costs and time for renewable project development on federal lands. Despite
the low level of interest in LM, the open discussion identified some opportunities for
small wind power projects in the Northeast where renewable energy financial incentives
are attractive and an LM site in the Southwest that appears suitable for CSP power
development.

This assessment report provides DOE LM with information to consider when assessing
alternatives of land reuse options for current and future LM lands.

2.0 Objective

The Department of Energy (DOE) Office of Legacy Management (LM) was established
in December 2003. LM maintains control and custody of legacy land, structures, and
facilities from private sector and federal nuclear weapons and materials production. LM
is responsible for maintaining protectiveness of these lands for their long-term use and
containment remedy integrity. Within this long-term surveillance and maintenance role,
a key function of LM is the establishment of environmentally sound future land uses by
evaluating potential land reuse options. LM has partnered with the National Renewable
Energy Laboratory (NREL) to evaluate the potential for development and implementation



of renewable power generation facilities on LM sites. The objectives of this partnership
are to:
e Assess the potential for solar and wind resources on LM lands
e Identify LM lands, throughout the United States, with the highest industry
development potential for power production facilities based on renewable energy
e Investigate the use of renewable energy technologies to support energy use
requirements of DOE land environmental remediation activities.

The information in this report supports efforts to facilitate industry’s access to LM lands
for renewable energy development.

3.0 Scope

This renewable resource assessment analyzes LM lands and some DOE Environmental
Management sites slated to be transferred to LM for long term surveillance and
monitoring. The renewable energy sources and technologies addressed in the report
include concentrating solar power (CSP), photovoltaics (PV), and wind. The assessment
was conducted using proven techniques of Geographical Information System (GIS)
screening. See Appendix C: Tables C1 — C3).

4.0 Background

This assessment of the potential for renewable energy power production facilities on LM
lands responds to various programs, agendas, initiatives, orders and policies:

o DOE’s Energizing America for a New Century, based on the President Georg
Bush’s 2001 Management Agenda and focused government initiatives and actions
that benefit citizens, are results oriented and market based.

e The Energy Policy Act of 2005, Section 203, Federal Purchase Requirement
mandates federal agencies to increase electrical energy consumption from
renewable energy sources to 7.5% by 2013.

o Executive Order 13423, Strengthening Federal Environmental, Energy and
Transportation Management, establishes a goal ensuring that 50% of statutorily
required federal renewable energy use is from “new” renewable energy sources
and, as feasible, that renewable energy generation projects be implemented on
federal lands.

e DOE’s Transformational Efficiency Management Initiative, launched by DOE
Secretary Samuel W. Bodman in August 2007 focuses on DOE lands and
facilities and establishes a Secretary goal to “Maximize Installation of secure, on-
site renewable energy projects at all DOE sites and/or aggregation of DOE sites
to optimize affordable purchases of renewable energy generation.”

The Department of Interior’s Bureau of Land Management (BLM) could be considered a
model for DOE LM’s development of renewable energy on federal lands. BLM set a
significant precedent for increasing renewable industry access for renewable
development on federal lands. In 2003, BLM partnered with DOE’s Office of Energy
Efficiency and Renewable Energy (EERE) and DOE’s NREL, completing an assessment
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of renewable energy potential on BLM public lands in the western U.S. The BLM report
titled “Assessing the Potential for Renewable Energy on Public Lands” is available at
http://www.nrel.gov/docs/fy030sti/33530.pdf

Due to surprising wind industry interest in wind-farm development on federal lands
during the drafting of the report, BLM issued the Wind Energy Development Policy in
October 2002. The policy guides BLM field offices in processing Right-of-Way (ROW)
applications submitted by wind industry developers
(http://www.blm.gov/nhp/efoia/wo/fy03/im2003-020.htm). Within two years of the
assessment, BLM had received and processed over 70 ROW applications for
meteorological towers for wind resource analysis.

The National Environmental Policy Act (NEPA) compliance is required for all projects
developed on federal lands, therefore, the cost and time to develop Environmental Impact
Statements (EIS) was still a significant barrier. To enhance and attract private sector
development on federal lands, BLM developed a Wind Programmatic EIS (Wind PEIS)
providing best management practices for mitigation of adverse impacts, applicable to all
western U.S. BLM lands. The BLM Wind PEIS allowed wind developers to focus on site
specific mitigation measures not addressed in the Wind PEIS. This permitted the
development of an Environmental Assessment, which results in much less time and cost
for NEPA compliance.

DOE was a cooperating agency supporting the development of the BLM Wind PEIS.
Consequently, DOE is pursuing actions to adopt BLM’s Wind PEIS, for use with wind
development NEPA compliance actions on DOE lands in the Western U.S. As of the
publication of this report, DOE’s Environmental Office has not completed actions to
adopt the BLM Wind PEIS. The BLM Wind PEIS can be found at
http://windeis.anl.gov/eis/index.cfm. BLM reissued their Wind Energy Development
Policy in August 2006, incorporating Wind PEIS best management practices
(http://www .blm.gov/nhp/efoia/wo/fy06/im2006-216.htm).

BLM also issued its Solar Energy Development Policy in October 2004
(http://www.blm.gov/nhp/efoia/wo/tfy05/im2005-006.htm) to support increased industry
access to BLM lands for solar project development in response to the Western
Governor’s Association June 2005 goal to develop 30,000 kW of renewable energy on
western U.S. lands. During the period of fall 2006 through April 2007, solar project
developers have submitted over 40 ROW applications to BLM for solar power generation
projects in California, Nevada, and Arizona. As a result, BLM issued a revised Solar
Energy Development Policy to support streamlined processing of ROW applications by
BLM Field offices. The latest version of BLM’s Solar Energy Development Policy is at:
http://www.blm.gov/nhp/efoia/wo/fy07/im2007-097.htm.

DOE LM is interested in garnering lessons learned from BLM. LM is interested in
evaluating the feasibility of partnering with BLM for renewable energy projects on
adjacent lands.



5.0 Descriptions of Renewable Energy Technologies
5.1 Concentrating Solar Power Technologies

5.1.1 Technology Overview

Concentrating solar power plants produce electric power by converting the sun's energy
into high-temperature heat using various mirror configurations. The heat is then
channeled through a conventional generator. The plants consist of two parts: one part
collects solar energy and converts it to heat, and the other converts heat energy to
electricity.

CSP systems can be sized for distributed power (10 kW — 25 kW) or grid-connected
applications (100’s of MW). Some systems use thermal storage during cloudy periods or
at night. Others can be combined with natural gas and the resulting hybrid power plants
provide high-value, dispatchable power. These attributes, along with high solar-to-
electric conversion efficiencies, make CSP an attractive renewable energy option in the
southwest United States and other sunbelt regions worldwide.

5.1.2 Parabolic Trough Systems

The sun's energy is concentrated by parabolically
curved, trough-shaped reflectors onto a receiver
pipe running along the inside of the curved
surface. This energy heats oil flowing through
the pipe, and the heat energy is then used to
generate electricity in a conventional steam
generator.

Stobn s Warmn Gowix

A collector ﬁelq comprises many troughs in . Figure 5.1.1. Parabolic trough
parallel rows aligned on a north-south axis. This solar system.
configuration enables the single-axis troughs to

track the sun from east to west during the day to ensure that the sun is continuously
focused on the receiver pipes. Individual trough systems currently can generate about 80
MWs of electricity; however analysis indicates that individual systems can be built as
large as 300 MWs or collocated in power parks constrained only by transmission
capacity.

Trough designs can incorporate thermal storage—setting aside the heat transfer fluid in
its hot phase—allowing for electricity generation several hours into the evening.
Currently, most parabolic trough plants are "hybrids," meaning they use fossil fuel to
supplement the solar output during periods of low solar radiation. Typically a natural gas-
fired heat or a gas steam boiler/reheater is used; troughs are being considered for
integration with existing or new combined cycle or coal-fired plants.

Linear Fresnel Reflector systems are similar to parabolic trough systems in that they
focus sunlight along a receiver pipe at the line of focus of a collector system. However,
linear Fresnel systems use individually tracking flat or slightly curved mirrors to
approximate the shape of a parabolic trough system. While the annual performance of



such systems is significantly lower than that of parabolic troughs, the hope is that
installed costs will be reduced sufficiently to achieve similar or lower costs of energy. At
this point, no linear Fresnel Reflector systems have generated electricity, so the actual
cost and performance of such systems have not been validated.

5.1.3 Power Tower Systems

A power tower converts sunlight into clean
electricity for the world’s electricity grids. The
technology uses many large, sun-tracking
mirrors (heliostats) to focus sunlight on a
receiver at the top of a tower. A heat-transfer
fluid heated in the receiver is used to generate
steam, which, in turn, is used in a conventional
turbine-generator to produce electricity. Power
towers (such as PS10 in Spain) use steam as the Figure 5.1.2. Power tower
heat-transfer fluid. Advanced designs (such as solar system (Solar Two).
Solar Two) use molten nitrate salt because of its

superior heat-transfer and energy-storage capabilities.

Individual commercial plants will be sized to produce anywhere from 50 MW to 200
MW of electricity. Two large-scale power tower demonstration projects have been
deployed in the U.S. The 10-MW Solar One plant near Barstow, CA, demonstrated the
viability of power towers, producing over 38 million kWh of electricity during its
operation from 1982 to 1988. The Solar Two plant was a retrofit of Solar One to
demonstrate the advantages of molten salt for heat transfer and thermal storage. Using its
highly efficient molten-salt energy storage system, Solar Two successfully demonstrated
efficient collection of solar energy and dispatch of electricity, including the ability to
routinely produce electricity during cloudy weather and at night. In one demonstration, it
delivered power to the grid 24 hours per day for nearly seven straight days before cloudy
weather interrupted operation.

5.1.4 Dish/Engine Systems

A solar dish/engine system is an electric generator that “burns” sunlight instead of gas or
coal to produce electricity. The major parts of a system are the solar concentrator and the
power conversion unit.



The dish, which is more specifically referred to as a
concentrator, is the primary solar component of the system. It
collects the solar energy coming directly from the sun and
concentrates or focuses it on a small area. The resultant solar
beam has all of the power of the sunlight hitting the dish but
is concentrated in a small area so that it can be used more
efficiently. Glass mirrors reflect about 92% of the sunlight
that hits them, are relatively inexpensive, can be cleaned, and
last a long time outdoors, making them an excellent choice
for the reflective surface of a solar concentrator. The dish Figure 5.1.3. The Stirling
structure must track the sun continuously to reflect the beam Energy Systems 25-kW

into the thermal receiver. d'Sh/St":""g system is
undergoing operational

) .. . testing at Sandia
The power conversion unit includes the thermal receiver and National Laboratories in

the engine/generator. The thermal receiver is the interface Albuquerque, NM.
between the dish and the engine/generator. It absorbs the

concentrated beam of solar energy, converts it to heat, and transfers the heat to the
engine/generator. A thermal receiver can be a bank of tubes with a cooling fluid, usually
hydrogen or helium, which is the heat-transfer medium and also the working fluid for an
engine. Alternate thermal receivers are heat pipes wherein the boiling and condensing of
an intermediate fluid is used to transfer the heat to the engine.

The engine/generator system is the subsystem that takes the heat from the thermal
receiver and uses it to produce electricity. The most common type of heat engine used in
dish/engine systems is the Stirling engine. A Stirling engine uses heat provided from an
external source (like the sun) to move pistons and make mechanical power, similar to the
internal combustion engine in your car. The mechanical work, in the form of the rotation
of the engine’s crankshaft, is used to drive a generator and produce electrical power.

Based on the following assessment and NREL’s judgment of the commercial readiness of
CSP technologies, we believe that parabolic trough technology is the only large-scale
CSP technology that is available for application in a commercially-financed power
project now and in the near future. The remainder of this section thus focuses on
parabolic trough technology.

5.1.5 Siting Requirements for Concentrated Solar Power (CSP)

Solar Resource

Parabolic trough solar steam systems require high direct normal insolation (DNI), or
beam radiation, for cost-effective operation. The required size of the solar field for a
given power plant capacity is, in general, directly proportional to the DNI level. The solar
field cost is a significant factor in the economics of a solar power plant. For a Rankine
cycle steam power plant with a solar heat resource, the solar field constitutes about 50%
of the total cost. Thus, not only do sites with excellent solar radiation offer more
attractive levelized electricity prices, but this single factor normally has the most
significant impact on solar system costs.



DNI data are either measured directly or constructed by radiation models from
measurements of total radiation (which consists of both direct beam and diffuse
components). Satellite data are proving to be an important source of these data. Micro-
climate effects, sometimes in relatively small regions, can be quite important. Although
constructed data are becoming increasingly accurate and valuable, measured DNI data
offer the best assurance that the solar field size is chosen accurately.

Ideally, any site under consideration should have one or more years of measured solar
resource data to indicate the seasonal and annual variations likely to be experienced at the
site. Unfortunately, very few sites have solar monitoring stations, and even when they do,
the data are often not of sufficiently high quality. To confirm site solar resource, a solar
monitoring station should be installed at high-potential sites by LM or selected solar
system developer to calibrate site resource data with satellite data. This assessment uses
a new, high-resolution solar resource data set developed using satellite data and
correlated to good ground station data. Annual solar DNI estimates are provided on a grid
of 0.1 degree in both latitude and longitude (nominally, 10 km). These estimates were
created using the Perez irradiance model. [1] As input, the model uses visible cloud
images from the NOAA GOES-10 weather satellite (in California), atmospheric water
vapor measured from satellites and radiosondes (balloons), total column ozone measured
from satellites, and aerosols (dust and haze) estimated from surface and satellite
measurements. This is a

Annual Direct Mormal Soler Radabion

third-generation model & Yo s Vikies.{1968.3005) - SUNY 10 hen. Batetie Madel

with substantial
improvements to handle
cloud detection over
desert terrain, a critical
problem in the western ;. ,
United States. - | : Sl R

5.1.6 Solar Resource
The solar resource for
generating power from
concentrating solar
power (CSP) systems is
plentiful. The amount of
power generated by a
CSP plant depends on the
amount of direct sunlight.
These technologies use
only direct-beam sunlight, rather than diffuse solar radiation. The south- western United
States potentially offers the best development opportunity for CSP technologies in the
world. There is a strong correlation between electric power demand and the solar
resource due largely to air conditioning loads in the region.
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Figure 5.1.4. Solar Resource Map for the U.S.




5.1.7 CSP Plant Development Issues
Land

A parabolic trough solar power plant requires approximately five acres (20,000 mz) per
MW of plant capacity. Plants with thermal storage and higher capacity factors will
require proportionally more land per MWe. Siting studies have generally found that land
with an overall slope of less than 1% are the most economic to develop. Potential sites
should have reasonable land costs, be generally level, and be close to transmission, water,
and natural gas. The specific slope and topography of the land will then determine the
comparative acceptability of competing sites through their impact on site costs for
grading and preparation. Land characteristics are thus most effectively used as screening
tools in selecting acceptable sites for further evaluation.

Transmission Access and Interconnection

Transmission line costs can be very high, and access to transmission lines of appropriate
capacity is a very important siting factor. Depending on the line voltage level and the
length of the transmission line, costs for a 100-MW capacity, for example, can range
from $50,000 to $180,000 per mile. Therefore, the proximity of potential solar power
plants sites to transmission lines is very important.

Parabolic trough plants use conventional Rankine steam turbine/generator sets, with some
performance enhancements such as reheat. The interconnection requirements are similar
to those of other steam power plants. The existing 80 MWe trough plants have step-up
transformers to supply power at 230 kV and include reactive power control.

Water

The primary water uses at a Rankine steam solar power plant are for the steam cycle,
cooling, and washing mirrors. Historically, parabolic trough plants have used wet cooling
towers for cooling. The cooling uses approximately 90% of the water. The steam cycle
uses approximately 8% and mirror washing uses the remaining 2%. However,
availability of water can be a significant issue in the desert. Many of the flat areas in the
desert have underground water. Two of the trough sites in operation, since the late 1980°s
and early 1990’s at Kramer Junction, CA, providing electricity to Southern California
Edison, use underground water, and one uses aqueduct water.

Annual water consumption at trough plants is approximately 750 acre-feet for a 100 MW
plant. If sufficient water is not available at LM sites for cooling, either dry cooling or
wet-dry systems are necessary. These options can increase plant electricity costs by 10%
or more, indicating the desirability of sites with sufficient aquifer or other water
resources. Treatment of raw water is required for plant use.

Natural Gas

Solar thermal power plants have the capacity to provide firm power in a hybrid
configuration where fossil fuel, preferably natural gas, can supplement the solar energy
resource. This is particularly important during peak demand periods where electricity’s
value is high. If power firming is a requirement of the power buyer, proximity to natural
gas pipelines is a very important factor. It is a significant, though usually not critical,
determinant in the viability of hybrid operation. Of course, very large distances can make
this option economically unacceptable.



Land Agreements

CSP developers need to work with the land owner(s) to determine the nature of the
contractual relationship between land owner and developer. Issues to be agreed upon
include: ingress and egress rights, transmission rights, compensation terms, project life,
and reclamation provisions at project end. The terms need to include reasonable access
for solar resource assessment, construction, operation, maintenance and reclamation
activities. Compensation can be in the form of a fixed lease fee per acre, fixed fee per
kWh or a percentage of gross revenue attributable to the landowner’s parcel.

Permitting

Permitting requirements to construct and operate a CSP plant vary widely depending
upon who owns the land and any restrictions on land use. Typically, land use permits and
building permits are the minimum required for CSP plants.

Environmental Review

LM sites are federal lands and require environmental studies in compliance with the
NEPA. The CSP developer must undertake, at its cost, as required, studies of threatened
and endangered species, land disturbance, wetlands and a review of the results with
interested local, state or federal officials, or interested citizens or citizen groups. They
may also be required to perform historical and archeological studies and visual impact
studies. The product of environmental review is an EIS, requiring DOE issuance of a
Record of Decision (ROD), or an Environmental Assessment (EA), requiring DOE
issuance of a Finding of No Significant Impact (FONSI).

Interconnection and Wheeling

Utilities, private companies or DOE Power Marketing Administrations with transmission
systems must allow CSP plants to interconnect to their transmission systems, however the
requirements that must be met, the studies to be undertaken, and the interconnection
equipment that will be required are determined by the transmission-owning entity, where
the costs are usually borne by the CSP developer. tudies such as capacity limitations,
load flow analysis, voltage controls and system protection are the norm. Recent
legislation has caused the rules and requirements to be re-visited and standards for
interconnection equipment and timelines have been developed for two classes of
generation (20 MW or less or greater than 20 MW) relevant to solar plants. Moving the
CSP generated energy to the purchaser of the energy through the utility or other entity
owned transmission system is called wheeling. The fee for this wheeling may be
determined through negotiation or defined by a tariff filed by state or federal regulators.

Power Purchase Agreement

The CSP developer must find a buyer for the energy to be generated in order to obtain
project financing as the buyer determines the potential revenue stream amount and time
frame. The power purchase agreement (PPA) defines the terms for this long term revenue
stream. A creditworthy buyer is necessary to ensure a predictable long term cash flow for
project financing approval.

Financing

With the PPA in hand, the CSP developer can work with financiers to determine the
terms of the loans, due diligence and assignability of documents. The financing is



typically used to provide for the solar collectors, and power generation systems (e.g.
turbines) procurement and construction/installation costs though other project costs may
also be included.

Operation and Maintenance

The CSP developer must include provisions for O&M for financing because it is critical
to the successful long-term operation of the CSP plant. The O&M terms typically specify
a CSP plant availability percentage (usually 95% - 98% of the year) and outline the non-
performance penalties.

5.2 Photovoltaic Technologies for Power Applications

5.2.1 Technology Overview

This section considers PV technologies in large central generation facilities in the near-
term (zero to five years) to mid-term (ten plus years). Historically, the long-term vision
has been to develop cost-effective solar technologies for large (100 MWe or greater)
central power plant applications. However, it is important to point out that PV is much
more competitive when deployed as a distributed resource technology. Unlike many
other generation technologies, PV offers considerable flexibility with deployment
strategy. PV is a very different technology than traditional utility generation resources,
and deployment approaches need to recognize the advantages of PV technology, such as
an energy resource for site long-term surveillance and maintenance (LTSM).

PV technologies, also sometimes referred to as solar-electric technologies, are being
developed for solar power generation applications. PV technologies use semiconductor
materials for the direct conversion of sunlight to electricity. The various PV technologies
are categorized by how the sunlight is collected . A major difference is between
concentrating and nonconcentrating applications. Nonconcentrating PV systems are
typically referred to as flat-plate PV systems.

5.2.2 Flat-plate Nonconcentrating PV Systems

The majority of PV systems installed in the United States and the world are
nonconcentrating. They use flat-plate PV modules (panels of solar cells) that have a fixed
orientation with respect to the sun, or they track the sun by mechanically changing the
orientation of the modules throughout the day.

5.2.3 Fixed, Flat-plate, Nonconcentrating PV Systems

In a fixed flat-plate, nonconcentrating PV system, the solar modules are fixed so that the
face of the module is oriented to the south (in the northern hemisphere), and the module

is tilted at a fixed angle with respect to the horizontal ground. For maximum year-round
energy production, the module tilt will equal the latitude of the site. The module tilt can
be reduced if there is a desire to optimize the summer energy production at the expense of
the winter production. For large systems, the module tilt is determined when the system
is designed and is never changed during the year.
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Figure 5.2.1. Arizona Public Service’s Prescott Airport
Solar System Showing a Tracking Flat-Plate,
Nonconcentrating PV System. In the background are
concentrating PV systems. (Source: Herb Hayden, Arizona
Public Service)

5.2.4 Tracking, Flat-plate, Nonconcentrating PV Systems

By mechanically changing the orientation of the solar modules during the day, we can
produce more energy with the same number of solar modules used in the fixed PV
system. A typical single-axis tracking system consists of north-south-oriented rows in
which the solar modules track the sun in an east-west direction. The solar modules can
also track the sun using two-axis (dual-axis tracking). The increase in energy production
resulting from dual-axis tracking in comparison to energy production from single-axis
tracking systems is marginal, when measured against the incremental cost increase. Most
tracking, nonconcentrating PV systems use single-axis tracking as shown in Figure 5.2.1.

5.2.5 Concentrating PV Systems

The fundamental distinction between concentrating and flat-plate PV technologies is the
amount of sunlight incident on the solar cells within each system. It is common to refer
to the standard solar irradiance at the Earth’s surface—1 kW/m —as “one sun,” which is
the amount of sunlight incident on flat-plate systems. Concentrating systems have more
than one sun—as much as hundreds of suns—incident on the solar cell. The number of
suns is also termed the concentration ratio. The system’s array must point toward the sun
and follow it throughout the day to maintain the sun’s focus on the cell, and good heat-
transfer design is needed to limit the cell’s temperature. Tracking the sun’s movement
benefits the concentrating photovoltaic (CPV) system because it produces more than
30% additional energy, measured in kWh/kW, than a non-tracking flat-plate system. If
the cost of the CPV system is low enough, an opportunity exists to produce low-cost
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electricity from sunlight using relatively high cost/area, high-efficiency solar cells.

Concentrating photovoltaic systems need the highest-efficiency solar cells to improve
their effectiveness for producing low-cost electricity. Small-area, high-efficiency solar
cells are ideal for CPV systems, such as one using an optical element that focuses
sunlight onto a small (e.g., 1-cm x 1-cm) solar cell, much like a magnifying glass that
produces a spot of sunlight bright enough and hot enough to burn a piece of paper.

The world’s highest-performance solar cells are now made principally from elements in
columns III and V of the Periodic Table. These III-V solar cells have conversion
efficiencies greater than 28% in production and a world record of more than 36% under
concentration. The efficiencies of III-V solar cells are about one-third higher than the
efficiencies of the crystalline-silicon solar cells used in today’s commercial CPV systems.

Over the years, systems analyses have invariably concluded that higher-efficiency solar
cells improve the likelihood that CPV systems will be cost effective. Although the I1I-V
cells are more expensive than silicon cells, the cost has been reduced by mass production
to meet the space-satellite market and can be reduced further by developing lower-cost
substrates or by further increasing the concentration ratio. The remainder of the
concentrating-system cost reduction results from using materials that are much less
expensive than the solar cell materials, such as steel and plastic.

There are a variety of concepts for concentrating sunlight onto PV cells. The most
common concentrating concepts are linear concentrators and point-focus concentrators.
For each of these concepts, solar concentration can employ reflection or refraction
(typically using Fresnel lens systems) of the sun’s rays. If, for example, the concentration
ratio is 300 suns, the system is usually described as a 300x system. Typical linear
concentrating systems operate at 10x to 20x, whereas point-focus concepts work at 200x
to 1000x or more. The lower-concentration systems have an apparent advantage in that,
with minor changes, they can use lower-efficiency, one-sun solar cells, whereas higher-
concentration systems use solar cells designed for very high efficiency and highly
concentrated sunlight. Systems analyses conducted to date suggest that higher-
concentration CPV systems, above 500x, will take more development, but will ultimately
produce less-expensive electricity. Concentrating PV systems require two-axis tracking
that follow the sun. The higher concentration ratios require greater precision of the
tracking mechanism.

The collective configuration of the solar cells, heat-dissipation components, secondary
optical components, and electrodes constitutes the “receiver” within a concentrator
module. Figures 5.2.2 through 5.2.4 show a point-focus Fresnel lens concentrator system,
linear-focus Fresnel lens concentrator, and point-focus dish concentrator, respectively.
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5.2.6 Recommendation for PV Systems

All the PV technologies mentioned are possible candidates for cost-effective deployment
in large power generation stations in the next ten years and beyond. Some of the
technologies have had longer experience in the field than others, but all are possibilities
in the next ten years depending on the location, competing energy costs, and financing.
There is a slightly greater technical risk associated with concentrating PV systems
deployed in multi-megawatt applications since we have had less field experience with
them. However, overall delivered energy costs from concentrating PV systems could be
the same or lower than those of flat-plate, nonconcentrating PV systems—especially in
parts of the southwestern U.S.

DOE LM should continue to monitor the technical progress, PV systems cost
reductions, and financial incentive program that reduce PV power costs. Throughout
the next ten years, there will be applications for utility scale PV plants, such as within
states that have implemented Renewable Portfolio Standards (RPS) and offer
Renewable Energy Credit (REC) trading (see Appendix D). State utility commissions
are increasing the application of RPS solar set aside provisions, requiring utility
companies to acquire a specified percentage of solar generation. Additionally. the
recent emergence of REC markets has improved economic viability of high-cost
renewable energy system development. RECs assign an economic value for the green
attributes of renewable power generation systems, which can be applied to reduce the
cost of renewable energy electric generation facilities. As an example, a 15 MW PV
plant was installed at Nellis Air Force Base in 2007, due to the financial incentive of
the PV industry developer’s access to RECs (valued at over $0.20/kWh). The cost per
kWh of power from this PV plant—provided to this military installation in a 30 year
contract—,was well below the current retail rate of electricity, benefitting the military
installation and the PV industry.

5.2.7 PV Siting Requirements

Site requirements can have cost impacts and more definitive go/no-go impacts on a
project. Most requirements fall into the former category, or shift from one to the other
in the limit. For example, a terrain with a 3% slope has potential, but grading costs
would be much higher than those of a site with <1% slope, whereas a very high slope or
hilly topography would be totally unsuitable. The characteristics considered below have
the most significant impacts on costs.

5.2.8 Solar Resource

The solar field cost is a significant factor in the economics of a solar power plant.
Concentrating PV systems require high DNI, or beam radiation, for cost-effective
operation. Flat-plate, nonconcentrating PV systems use global diffuse solar radiation,
which includes the DNI and scattered blue-sky light. Generally, under clear sky
conditions, 85% of the sunlight is DNI and 15% is scattered light that comes in at all
different angles. The scattered light, which cannot be used by any concentrating system,
can be used by flat-plate PV systems. Sites that have a good solar resource for
concentrating systems are also great for flat-plate systems, since the global solar resource
includes the DNI.
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The size of the solar field required for a given power plant capacity in general is directly
proportional to the solar resource. Thus, sites with excellent solar radiation offer more
attractive levelized electricity prices, and this single factor normally has the most
significant impact on solar system costs.

Solar resource data are either measured directly or constructed by radiation models from
measurements of total radiation, which has both direct beam and diffuse components.
Satellite data are proving to be an important source of such data. Microclimate effects,
sometimes in relatively small regions, can be quite important. While constructed data are
becoming increasingly accurate and valuable, measured solar resource data offer the best
assurance that the size of the solar field is accurate.

Ideally, for any site under consideration there should be more years of measured solar
resource data to help us understand the seasonal and annual variations likely to be
experienced there. Unfortunately, very few sites have solar monitoring stations, and even
when they do, the data are often not high in quality. Therefore, this assessment uses a
new high-resolution solar resource data set developed using satellite data and correlated
with good ground station data. Annual solar resource estimates are provided on a grid of
0.1 degree in both latitude and longitude (nominally, 10 km). These estimates were
created using the Perez irradiance model. [1] The model uses as input: visible cloud
images from the National Oceanic and Atmospheric Administration (NOAA) GOES-10
weather satellite (in California), atmospheric water vapor measured from satellites and
radiosondes (balloons), total column ozone measured from satellites, and aerosols (dust
and haze) estimated from surface and satellite measurements. This is a third-generation
model with substantial improvements to handle cloud detection over desert terrain, a
critical problem in the western United States.

5.2.9 PV Plant Development Issues

Land

All large PV systems require fairly flat land with slopes of less than 3%. The slope of the
land has an impact on construction costs. A screening criterion of less than 3% was used.
PV power plants require a large area for their solar collector field. Approximately .02
km’ (5 acres) are required per MWe of electricity produced in a PV power plant. As a
result, the potential for disruption of wildlife habitat may be greater than that for a
conventional power plant. In desert regions where a PV power plant would typically be
located, protected wildlife such as the desert tortoise and the Mojave ground squirrel
could require habitat remediation. For example, the 80-MWe solar thermal power
facilities Solar Energy Generating Stations (SEGS) VIII and IX (CSP Trough Systems)
have minimized habitat disruption by being built on sites of former agricultural land.
SEGS VIII and IX are located near Harper Lake, CA and have been operating
successfully in delivering electricity to Southern California Edison since 1991. This
strategy of utilizing previously disturbed lands appears to be successful and is the wisest
approach, if feasible, in regions of interest. No strategies have yet been identified for PV
solar fields that encourage dual use of the land.
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Transmission Access and Interconnection

Transmission line costs can be very high, and access to transmission lines of
appropriate capacity is a very important siting factor. Therefore, the proximity of
potential solar power plant sites to transmission lines is highly important. The
interconnection requirements are similar to those of other large power plants.

Water

Water is not required for the normal operation of any PV system. Water is used chiefly
for occasional cleaning of the PV modules, Fresnel covers, or the reflective surfaces. The
washing interval is determined by local site conditions and an economic analysis of
cleaning costs versus increased energy production. Cleaning flat-plate PV systems can
be as simple as driving a water truck between the rows and spraying the PV modules.
Many installations are not regularly cleaned due to cost, and rely on wind and rain to
keep the modules sufficiently clean.

Land Agreements

PV developers need to work with the land owner(s) to determine the nature of the
contractual relationship between land owner and developer. Issues to be agreed upon
include: ingress and egress rights, transmission rights, compensation terms, project life,
and reclamation provisions at project end. The terms need to include reasonable access
for solar resource assessment, construction, operation, maintenance and reclamation
activities. Compensation can be in the form of a fixed lease fee per acre, fixed fee per
kWh or a percentage of gross revenue attributable to the landowner’s parcel.

Permitting

Permitting requirements to construct and operate a PV plant vary widely depending upon
who owns the land and any restrictions on land use. Typically, land use permits and
building permits are the minimum required for PV plants.

Environmental Review

LM sites are federal lands and require environmental studies in compliance with NEPA.
The PV developer must undertake, at its cost, as required, studies of threatened and
endangered species, land disturbance, wetlands and a review of the results with interested
local, state or federal officials, or interested citizens or citizen groups. They may also be
required to perform historical and archeological studies and visual impact studies. The
product of environmental review is an EIS, requiring DOE issuance of a ROD, or an EA,
requiring DOE issuance of a FONSI.

Interconnection and Wheeling

Utilities, private companies or DOE Power Marketing Administrations with transmission
systems must allow utility scale PV plants to interconnect to their transmission systems,
however the requirements that must be met, the studies to be undertaken, and the
interconnection equipment that will be required are determined by the transmission
owning entity, where the costs are usually borne by the PV developer. Studies such as
capacity limitations, load flow analysis, voltage controls and system protection are the
norm. Recent legislation has caused the rules and requirements to be re-visited and
standards for interconnection equipment and timelines have been developed for two
classes of generation (20 MW or less or greater than 20 MW) relevant to solar plants.
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Moving the PV generated energy to the purchaser of the energy through the utility or
other entity-owned transmission system is called wheeling. The fee for this wheeling may
be determined through negotiation or defined by a tariff filed by state or federal
regulators.

Power Purchase Agreement (PPA)

The PV developer must find a buyer for the energy to be generated in order to obtain
project financing as the buyer determines the potential revenue stream amount and time
frame. The PPA defines the terms for this long term revenue stream. A creditworthy
buyer is necessary to ensure a predictable long term cash flow for project financing
approval.

Financing

With the PPA in hand, the PV developer can work with financiers to determine the terms
of the loans, due diligence and assignability of documents. The financing is typically
used to provide for the solar panels, and power conditioning systems (e.g. inverters)
procurement and construction/installation costs though other project costs may also be
included.

Operation and Maintenance (O&M)

The PV developer must include provisions for O&M for financing because it is critical to
the successful long-term operation of the PV plant. The O&M terms typically specify a
PV plant availability percentage (usually 95% - 98% of the year) and outline the non-
performance penalties.

Wind

The performance and structural design of the concentrating PV solar field are impacted
by high winds. The solar field is not designed to operate in winds of more than 35 mph;
consequently, high-wind sites limit the performance potential of the concentrating PV
plant. Moreover, wind forces dictate the collector structural design. Since the cost of the

structure constitutes about 40% of all solar field costs, it is important to optimize this
component.

The performance and structural design of a flat-plate nonconcentrating PV solar field is
more robust, and it can operate at higher wind speeds. A tracking flat-plate PV system is
stowed at a predetermined wind speed to prevent damage to the modules and the support
structure. In areas with extremely high winds, the fixed flat-plate PV system will remain
operational in wind speeds in excess of 80 mph.
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5.3 Wind Power Technologies

5.3.1 Technology Overview

Wind turbines are machines that turn wind into electricity. As indicated in the discussion
below about capturing the wind energy, the nature of the wind resource drives two
primary trends in the wind industry: move into faster wind speeds with taller towers and
capture more wind energy with larger rotors.

The scale of the utility-size wind turbines designed to do this has increased dramatically
over the past two decades and continues to do so. Currently, most new wind farm
installations use wind turbines in the 1.0 MW to 2.5 MW range. A 1 MW wind turbine
will be expected to generate enough electricity for 250 to 300 homes per year. As wind
speeds vary year to year, so does the annual energy production of wind turbines — in high
wind years they create more kWhs, in low wind years they create fewer kWhs.

Of critical importance for wind turbines is how much of the available wind power can be
turned into electricity. The electrical power that a turbine will be able to deliver depends
upon the efficiency of the wind turbine in making that conversion. The term C, represents
the limit of the amount of power that can be extracted from the wind and Ng is the
efficiency of the generator.

P=%C,Ap NV’

Wind turbines use airfoil-shaped blades to convert the kinetic energy of wind into
mechanical energy in the form of rotating blades. The rotating blades turn an electric
generator behind the rotor completing the transformation of wind energy into electricity.
Wind turbine blades exploit the principle of lift, whereby the difference of air pressure
causes the blades to move, effectively capturing the energy from the wind. Designed to
maximize “lift” rather than “drag”, the tips of the blades actually move faster than the
wind speed. Modern wind generators have a tip speed ratio range of 6:1 to 8:1. Ata
ratio of 8:1, if the wind is moving at 10 m/s, the tips of the blades are moving at 80 m/s.
Most modern wind turbines have two or three blades.

As relatively small differences in average speed cause significant differences in energy
production, it is usually worthwhile examining ways to increase the wind velocity at a
particular site. Normally, the easiest way to accomplish this is to increase the height of
the tower as wind speeds tend to increase with height above the ground. Because power
increases as the cube of wind speed, much of the average power available to a wind
turbine comes in short bursts during periods of high wind speed. It is only in high winds
that the turbine produces at rated power. To capture such bursts, the wind turbine needs a
large enough generator and a strong gearbox that go underutilized most of the time. Just
surviving the strongest gusts requires the turbine to use lots of extra material in the tower
and blades that for the most part is unnecessary.

5.3.2 Site Selection
There are three basic steps to identifying and characterizing the developable wind
resource at a particular site: prospecting, validating, and micrositing. Prospecting often
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begins with wind resource and topographical maps. The wind maps are intended to help
wind developers decide where to undertake a more detailed investigation of the wind
resource. The topographical maps help to identify geographic features that may enhance
or dissipate the wind. Also of interest is general proximity to transmission lines,
reasonable road access, few environmental concerns, and generally receptive
communities.

The wind developer needs to determine what wind data is available for long-term
correlation of the site specific data to be gathered. Then a meteorologist will determine
where to site the meteorological (MET) tower(s) to best assess and quantify the
developable wind resource.

MET towers are used for site specific analysis of the wind resource potential at a
particular site. The intent is to obtain high-quality data as close to the expected turbine
location and turbine height as possible over a 12-month time frame or longer. This data is
then correlated with available long-term wind data to determine if the collected data
represents an average, below-average, or above-average wind year.

For utility scale wind farms, 60 m or 80 m MET towers are often used. They will be
equipped with anemometers at multiple heights (measuring wind speed and used to
calculate wind shear), wind vanes (for direction), temperature and barometric pressure
gauges. The collected data will be used to analyze daily and seasonal wind speed,
gustiness, and directional patterns. Data is often sampled every second with 10-minute
averages recorded that may be combined into hourly averages for analysis. MET towers
are often equipped with solar-powered telecommunications capability so that remote data
collection and monitoring are possible.

5.3.3 Wind Resource

The extent of the wind resource is a critical variable in determining the economic
potential of any wind project. The conventional process in any potential wind project is
to install an anemometer and gather one to three years of site specific wind data as close
as possible to the proposed wind turbine site. This process involves research and data
analysis time, equipment, and money. It is usually time and money well spent because a
validated wind resource at the best available location provides realistic energy production
and economic performance projections.

Windiness varies with the season and time of day and, of course, weather events.
Collected wind data focuses on several primary considerations: average annual wind
speed, frequency distribution of the wind at various speeds, and wind shear (the increase
in wind speed with elevation and the amount of turbulence in the wind).

The wind speed at any given time determines the amount of power available in the wind.
The power available in the wind is given by:

P=1%AxpxV’
where
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P = power of the wind [Watts]

A = windswept area of the rotor (blades) = nD/4 = 1’ [ m’]
p = density of the air [kg/m3 ] (at sea level at 15°C)

V = velocity of the wind [m/s]

This equation demonstrates that wind energy is proportional to velocity cubed (V?). This
matters because if velocity is doubled, power increases by a factor of eight (2° = 8).
Consequently, small differences in average speed cause significant differences in energy
production. Likewise, being able to precisely characterize the extent of a particular wind
resource enables a more accurate projection of expected annual energy output.

5.3.4 Wind Development Process and Issues

The wind development process for a wind farm is a multi-year effort with site selection
and continues through financing and construction with numerous steps to be completed in
between. Some of the tasks are sequential in nature with the results from one weighing
heavily in decisions to be made in the next. As the process develops, more tasks that can
be completed in parallel emerge. The following is a condensed summary representative
of the types of activities involved in developing a wind farm. The wind development
process typically takes two to five years at most sites. Shorter time frames are better for
wind developers as capital resources are usually tied up with no revenue until the wind
farm begins operating.

Wind Turbine Transportation and Installation Issues

Due to the ever increasing size of wind turbines, such as 80-100 meter hub heights,
transporting wind turbines is increasing in cost. Turbine tower sections are large
diameter, as long as possible, and extremely heavy for transport by specialized trucking
equipment to the site. The same is true for the turbine hub and blades in excess of 70
meters. Trucking equipment require large turning radius, so site access may require road
improvement to delivery turbine components. An additional consideration for
installation of large wind turbines is the cost and availability of large cranes in the
vicinity of the wind farm site.

Land Agreements

Wind developers need to work with the land owner(s) to determine the nature of the
contractual relationship between land owner and developer. Issues to be agreed upon
include: the wind rights, ingress and egress rights, transmission rights, compensation
terms, project life, and reclamation provisions at project end. The terms need to include
reasonable access for wind assessment, construction, operation, maintenance and
reclamation activities. Compensation can be in the form of a fixed lease fee per acre or
per turbine, fixed fee per kWh or a percentage of gross revenue attributable to the
landowners’ parcel.

Permitting

Permitting requirements to construct and operate a wind farm vary widely depending
upon who owns the land and the types of zoning or other restrictions on land use.
Typically, land-use permits and building permits are the minimum required for wind
farms.
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Environmental Review

LM sites are federal lands and require environmental studies in compliance with NEPA.
The wind farm developer must undertake, at its cost, as required, studies of threatened
and endangered species, land disturbance, wetlands and a review of the results with
interested local, state or federal officials, or interested citizens or citizen groups. They
may also be required to perform historical and archeological studies and visual impact
studies. The product of environmental review is an EIS, requiring DOE issuance of a
ROD, or an EA, requiring DOE issuance of a FONSIL

Interconnection and Wheeling

Utilities, private companies or DOE Power Marketing Administrations with transmission
systems must allow wind farms to interconnect to their transmission systems, however
the requirements that must be met, the studies to be undertaken, and the interconnection
equipment that will be required are determined by the transmission-owning entity, where
the costs are usually borne by the wind developer. Studies such as capacity limitations,
load flow analysis, voltage controls and system protection are the norm. Recent
legislation has caused the rules and requirements to be re-visited and standards for
interconnection equipment and timelines have been developed for two classes of
generation (20 MW or less or greater than 20 MW) relevant to wind farms. Moving the
wind-farm generated energy to the purchaser of the energy through the utility or other
entity-owned transmission system is called wheeling. The fee for this wheeling may be
determined through negotiation or defined by a tariff filed by state or federal regulators.

Power Purchase Agreement

The wind developer must find a buyer for the energy to be generated in order to obtain
project financing as the buyer determines the potential revenue stream amount and time
frame. The PPA defines the terms for this long term revenue stream. A creditworthy
buyer is necessary to ensure a predictable long term cash flow for project financing
approval.

Financing

With the PPA in hand, the wind farm developer can work with financiers to determine the
terms of the loans, due diligence and assignability of documents. The financing is
typically used to provide for the turbine procurement and construction/installation costs
though other project costs may also be included.

Operation and Maintenance

The wind farm developer must include provisions for O&M for financing because it is
critical to the successful long-term operation of the wind farm. The O&M terms typically
specify a turbine availability percentage (usually 95% - 98% of the year) and outline the
non-performance penalties.
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Table 5.1.1. Comparison of Renewable Technologies for Development on LM Lands*

Development Issue

CSP

PV

WIND

Minimum: 250

Minimum: 100

Minimum: 1000

Land Area (Acres) | Preferred: >= 500 Preferred: >=100 Preferred: >=1000
Land Slope Maximum: 3% Maximum: 3% Varies
Preferred: 1% Preferred: 1%
Developer
Incurred Costs
Wet Cooled: 750
acre-feet/100 MW .. ..
Water Use Dry Cooled: 75 acre Minimal Minimal
feet /100 MW
Assess Resource Radiometer: 1 year | Radiometer: 1 year | Met Towers: 1 year
Land Lease 30 years 30 years 30 years
Power Purchase Required for Project | Required for Project | Required for Project
Agreement Financing Financing Financing
NEPA Compliance
Resource Categorical Categorical Categorical
Testing Exclusion Exclusion Exclusion or EA
Plant EIS EIS EIS
Development EA tiered off EIS EA tiered off EIS EA tiered off EIS
Transm1s51pn Study Yes Yes Yes
Required
. Compliance with Compliance with Compliance with
Interconnection o . o . - .
utility requirements | utility requirements | utility requirements
Construction Permit | Yes Yes Yes
Operating Permit Yes Yes Yes
Plant O&M Yes Yes Yes

* Potential for renewable power plant development on LM sites is primarily based on land area and water
use. All other development issues are costs borne by developer. DOE LM/NRC resources for reuse
approval, land lease transactions and documentation of NEPA studies results (ROD or FONSI).

6.0 Approach to Assessing Renewable Energy Potential

All energy sources have a geographic component, but renewable energy sources such as
wind and solar are unique in that the fuels cannot be transported. The electricity
generation facility must be located at good resource sites. However, this “limitation”
makes it easier to assess the renewable energy potential for specific sites such as the DOE
LM lands, by extracting the resource information that falls only within the property. All
that is required to achieve a good renewable energy estimate is high-quality renewable
resource data and the location of the sites to be reviewed.

Over the past decade, NREL has produced the necessary high-quality, region-scale
renewable resource data for wind and solar. The wind data is not yet complete
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nationally, but has been produced for the majority of states that are likely to have wind
resource at levels that would support utility scale generation. The wind resource intensity
can change very quickly over a given area, based on the terrain and wind climate. For
this reason, extracting the wind resource at a single point within the property may not
give an adequate representation of the wind resource potential for a property. In our
analysis, if an estimate of the property acreage was given, a circular area equivalent to
that acreage was examined to identify likely wind resource levels. Solar resources are
more consistent across a geographic area, and so the resource intensity reported for a
given point in the property is likely to be representative of the entire property.

The intensity of the wind or solar resource is only one component of understanding a
site’s renewable development potential. Site conditions such as steep slopes, access to
transmission lines, or proximity to environmental or disturbance-sensitive area may
impact development opportunities. This analysis provides a first level screening to
identify areas that merit further scrutiny for renewable resource development.

6.1 TASK 1—Gather Available Information on DOE lands, and Solar and
Wind Renewable Energy Resources

The DOE LM provided a listing of properties of interest to their organization. These
properties included parcels currently under LM administration, and properties that are
anticipated to be under LM administration once transition details are determined. The
property listings included a reference coordinate and the acreage of the property where
available. NREL Resource Assessment staff then matched the property information to
the available solar and wind resource datasets to identify the level of resource at each site
for CSP, PV and wind.

Four sites were identified as having particular interest for CSP and wind development.
For those sites (Ambrosia Lake, Blue Water, Highlands, and Bear Creek), additional GIS
data were obtained from the Office of Legacy Management’s Grand Junction office. This
data included more detailed site boundaries, location of the disposal cell, and locations of
infrastructure on or near the site. Maps overlaying this data with renewable resource data
were produced.

NREL resource data for solar (CSP and PV) and wind energy were deemed suitable for
a regional-scale analysis. However, more detailed data are necessary for site-specific
applications. Descriptions of the resource data sets used in the analysis are as follows.

6.1.1 Solar

NREL and Dr. Richard Perez of the State University of New York have developed a
national solar resource assessment for the United States at a resolution of approximately
10 km by 10 km. This data is produced using a satellite-based model. The estimates are
an average of eight years of processed satellite data representing the time period 1998 —
2005. The data will be updated periodically to include additional years of data. The data
is processed to represent 14 solar collector configurations that are relevant to different
types of solar applications. Appendix B describes the solar data in further detail.
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6.1.2 CSP

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

6.1.3 PV

The PV analysis used flat-plate collector data, with the panel oriented due south at an
angle from horizontal equal to the latitude of the collector’s location. This is a typical
reference point for a photovoltaic application evaluation.

6.1.4 Wind

A low-resolution (25 km by 25 km) U.S. wind resource assessment was produced in
1987. Since then, NREL and other organizations have produced updated higher
resolution (200 m 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. But 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 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 34 states, including Hawaii
and parts of Alaska. Updated assessments by other organizations have been completed
for eight additional states, but those data were not used in this evaluation. Information on
updated wind resource assessments is available at
http://www.eere.energy.gov/windandhydro/windpoweringamerica/wind_maps.asp.

For this analysis, the updated NREL assessments were used where completed, and the
1987 assessment was used for the rest of the area. See Appendix B for more

information on data sources.

6.2 TASK 2—Develop Appropriate Screens for GIS Analysis

LM and NREL staff held meetings to discuss the screening, and NREL utilized screening
criteria based on past methodology developed for the BLM, United States Department of
Agriculture (USDA) Forest Service, DOE Wind Program, and DOE Solar Program.
Additional meetings were held June 18™ 2007 to review screening criteria and results of
GIS analysis for renewable power production by CSP, PV and wind technologies on each
site. One objective of this meeting was to identify any additional criteria that might
impact the economic and technical feasibility of renewable power production on LM
lands. Additional screening criteria recommended was to include proximity of nearby or
adjacent federal lands (BLM) for potential to increase developable lands.

25


http://www.eren.doe.gov/windpoweringamerica

6.2.1 Solar-CSP Screening Criteria Development

From previous federal land renewable resource assessments, the NREL team met with
CSP industry technology representatives to review the current list of high-potential
site screening criteria. The following were identified as the most important screening
criteria (in order of importance).

Central Generation Technology Criteria

1. Solar resource is >= 5 kWh/m /. day of direct normal, and ideally greate