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1. Executive Summary

This Renewable Energy Concept Opportunity Study was prepared by Booz Allen Hamilton for the Air Force Real Property Agency (AFRPA) to present renewable energy Enhanced Use Lease (EUL) opportunities at Barry M. Goldwater Range (BMGR) and/or Gila Bend Air Force Auxiliary Field (AFAF), Arizona.  The BMGR/Gila Bend AFAF was initially selected through the Air Force Real Property Agency’s overall Renewable Energy Enhanced Use Lease Opportunity Study as described in Section 2 below.  The BMGR (formerly known as the Luke Air Force Range) and the Gila Bend AFAF, which is located within the boundaries of the BMGR, are 45 miles south of Luke Air Force Base and approximately two miles south of the Town of Gila Bend off of State Highway 85 in southwest Arizona.  The BMGR is located about 68 miles southwest of Phoenix and 280 miles east of San Diego, California.  This area has some of the best solar radiation resources in the world and has strong market demand and state policy support for renewable energy.

This RECOS evaluates the potential for developing large-scale renewable energy power plants at candidate properties with a focus on generating returns for the Air Force by selling power “over the fence” to the electricity grid.  This assessment is based on a market and technological analysis and an evaluation of the characteristics of the candidate properties.  Upon further evaluation, BMGR/Gila Bend AFAF may wish to purchase a portion of the electricity generated 
directly or indirectly, but this was not the initial focus of this assessment. 

The results of the RECOS suggest the return on investment from a large-scale solar plant on the BMGR is sufficient to justify the Air Force’s investment in the EUL process; the estimated return on a 50 year lease of 500 acres is over $20 million in net present value terms.  Such a project would be compatible with the base’s mission and could further the Air Force’s renewable energy goals.   

This RECOS has been briefed to AFRPA and circulated to the MAJCOM and Luke Air Force Base Range Management Office for comment and reivew.  Upon obtaining concurrence, AFRPA may wish to proceed with Phase II and an Industry Day to allow potential renewable energy developers to visit the identified candidate property.  Because the specific technologies and footprints of the proposals will vary, the Air Force should initially identify a mission compatible area.  Following the Request For Qualification, the Air Force should then enter into negotiations with a select group of prospective developers to ensure the mission, security and environmental compatibility of the proposed development options.  
2. Summary of Methodology

For the Air Force Real Property Agency’s overall Renewable Energy Enhanced Use Lease Opportunity Study, each Air Force base was first screened against several criteria to determine the most probable opportunities:  

· Quality and availability of renewable resources (wind class, solar resources, geothermal power, and biomass—which included access to large quantities of landfill gas—biomass feedstock  for power production and for large-scale biodiesel or ethanol production); 

· Strength of the renewable energy market (state electricity prices, demand for renewable energy power due to Renewable Portfolio Standards, other state incentives); 

· Distance to high-voltage transmission lines and power demand centers (for renewable power opportunities); and 

· Access to transportation and critical infrastructure for biofuels (e.g., natural gas, barge access, and rail access). 

[image: image1.emf]In addition to these screening criteria, the conclusions and analysis from the Department of Defense (DoD) Renewable Energy Working Group and DoD Geothermal studies were taken into account.  

The initial screening process produced a list of possible opportunities from a high level view.  Next, these possible opportunities were mapped with publicly available aerial imaginary and data from Booz Allen Hamilton’s DoD Natural Infrastructure Geographic Information Systems (GIS) databases to determine undeveloped land areas, topographical constraints, and height restrictions.  After analyzing aerial images and land use data, a number of potential sites were removed from the opportunity list due to insufficient undeveloped land or height restrictions that limited the land areas available for project development.  The sites remaining from the initial screen and mapping exercises were considered Tier I opportunities.  These Tier I opportunities were further investigated through coordination with MAJCOMs, base engineers, base energy mangers, real estate specialists, and other base personnel to assess available, mission-compatible acreage. 

After these assessments, it was determined that the BMGR and/or the Gila Bend AFAF has a possible opportunity to execute a large-scale solar energy EUL.  
3. Available Underutilized Assets
3.1. Renewable Energy Resource
The BMGR and the Gila Bend AFAF, located in southwest Arizona, has some of the best solar radiation resources in the world, measured at 6.85 kWh/m2/day for concentrating solar power systems and 6.26 kWh/m2/day for photovoltaic systems.
 

3.2. Land 
One site has been identified as suitable for solar energy development located on the BMGR, which is Bureau of Land Management (BLM) military withdrawn land.  The feasibility of a renewable energy EUL on military withdrawn land is currently under investigation.    

The BMGR is approximately 2.6 million acres of BLM military withdrawn land with a primary mission of military air training; these lands are withdrawn until 2024 at which point they will be up for renewal.  The eastern portion of the BMGR is managed by the Air Force and used to support the training of Air Force, Air Force Reserve Command (AFRC), Air National Guard (ANG), and Army Reserve National Guard (ARNG) student aircrews.  BMGR-East encompasses many areas that are regularly and actively utilized as well as a number of areas, particularly on the range perimeter that are underutilized and provide buffer for mission critical areas. 

· Site 1 is located northeast of an area known as Auxiliary Field #6.  The site is over 4,000 acres, and is underutilized, undeveloped property with a slope less than 3%.  Within this site, a parcel of 500 to 1,000 acres could be identified as a potential location for a solar energy EUL project. 
Two sites located on Gila Bend AFAF were originally identified on as potential locations for solar development, but have since been removed from consideration.  These areas are possible sites for a smaller-scale solar plant that would meet local power demand, but are constrained in size and would likely not be attractive to utility-scale solar developers.  Additionally, the use of these sites for large-scale solar development could pose future conflicts with expanding mission activities at Gila Bend AFAF.

Figure 1 below shows site 1, while site details are discussed in Section 5 and site maps and photos are provided in Section 7.  Other undeveloped parcels were considered for large-scale solar, but were found less suitable due to access to transmission lines, ground slope or mission constraints.
3.3. Water 
The BMGR lies within the central portion of the Sonoran Desert and is characterized by high summer temperatures, moderate winter temperatures, and low rainfall and relative humidity.  The presence of surface water on the BMGR is very limited and typically dependent on the season and precipitation events.  There are no perennial or intermittent streams present on the range and rainfall is generally less than 5 inches per year.
  

The BMGR includes portions of two major groundwater basins and as identified by Arizona Department of Water Resources (ADWR) Well Registry has approximately 74 groundwater wells on the range.  Of the 74 wells, five are registered to the U.S. Air Force including three located on Gila Bend AFAF.
  Annual water usage at the Gila Bend AFAF is 68.8 million gallons, 0.05 million gallons at BMGR Manned Ranges 1 to 4, 1.8 million gallons at the Cannon Air Defense Training Complex, and minor amounts at other locations throughout the range.
  Water from wells is used on the range for construction, dust control, and potable water supply for selected facilities.
Groundwater sources may be available for use by a proposed plant, depending on the water demands of the technology and the BLM/Arizona water rights process.  For further information see Section 5.  See Section 7, Detailed Maps and Photos, for more information on the location of existing water resources.   

Figure 1:  Site Overview
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4. Key Stakeholders

Key stakeholders identified as potentially having an interest in the future use of the property include:
· Luke Air Force Base Range Management

· Air Education Training Command
· Air Force Real Property Agency

· Air Force Civil Engineer Support Agency

· Bureau of Land Management

· Marine Corps 

· Solar energy developers (e.g., Stirling Energy, Solargenix/Acciona, Florida Power and Light, SunPower/PowerLight, and PPM Energy)
· Utilities (Arizona Public Service, Southern California Edison) 
5. Evaluation of Characteristics 
5.1. Development Risk Analysis 
a. Operational and force protection compatibility 
Site 1 is located northeast of Auxiliary Field #6 located on the BMGR.  Auxiliary Field #6 is used on an irregular schedule throughout the year as a staging area or forward arming and refueling point for helicopter operations, and as a field training/bivouac site for Air Reserve National Guard or Air Force Security Police units.
 Auxiliary Field # 6 is not used for munitions training by ground or air forces.  The areas northeast of Auxiliary Field #6 are undeveloped, underutilized, and serve primarily as a buffer area for the range.   Due to the size of the BMGR, it only has a barbed wire fence surrounding it and developing the parcel under consideration is not likely to have force protection impacts.  
The potential solar site identified on the BMGR is located in a buffer area, and the presence of solar equipment would likely not have a direct impact on mission activities on the range.  Reflective materials or objects placed anywhere on the range would be a concern to operations; however, information known on current solar systems (i.e., PV, solar trough, or solar dish systems) does not indicate that reflectivity is concern.  PV systems are now made of dark and non-reflective materials and have been co-located at other locations with aircraft activities, such as the planned 15MW PV array at Nellis Air Force Base and a number of PV arrays at airports around the county including the Glendale Municipal Airport in Glendale, Arizona.  Solar trough systems and solar dish systems use concave mirrors to reflect light into a central focal point; therefore, concentrating the solar energy.  Additionaly, height restrictions in and around the flight line of the auxiliary field would require compliance; most current designs of solar PV, trough, and dish infrastructure have a maximum height of 80 feet. 

Currently, over 350 megawatts (MW) of solar trough technology operate outside the Edwards Air Force Base fence line.  This solar system is over 10 miles from Edwards’s airfields, but it may be noted that there have been no reported flight operations issues associated with this system in its 15 years of operation. 
A solar generating system located on BMGR could have the potential to connect to Gila Bend AFAF facilities to provide power directly; however, the range and auxiliary field have very low energy requirements and power produced would be more likely used for supplying off-base demand in the Arizona or the Southern California energy markets.  The details of the effects on the on-base and off-base electrical transmission and distribution system would be addressed through a developer’s transmission and interconnection study.

b. Access to transportation 
The site is accessible by existing roadways and located just off State Highway 85.  Some additional unimproved road construction would be required for construction and would be paid for by the developer.
c. Access to support infrastructure (i.e., transmission lines, gas,  water) 
Transmission and Natural Gas

The site has direct access to a 69 kV electricity transmission line that cuts north to south through the site and connects to the Gila Bend substation.  Ajo Improvement Company, a subsidiary of Phelps Dodge Corporation, has obtained a right-of-way grant to construct and operate a 230kV transmission line parallel to the existing 69kV line.
  
The closest natural gas sources are in Gila Bend; there are no natural gas pipelines on the BMGR in the vicinity of the proposed area.  However, there is a paper mill under construction south of Gila Bend that will have natural gas and could facilitate access.
Water

The use of water resources is not significant on the BMGR and the water demand at the Gila Bend AFAF is low, approximately 68.8 million gallons per year (MGY).
  The Gila Bend auxiliary field has rights to three groundwater well sources that pump water into a water tower located on the base.  Additionaly, north of the proposed solar development site, outside the boundaries of the BMGR, is the Gila Bend Canal,which runs from north of the town of Gila Bend, paralleling Interstate 8 to Paloma Ranch on the west. 

It is possible the groundwater resources or water from the canal could provide enough water for certain types of solar technology development.  The Military Land Withdrawal Act of 1999 does not provide water rights with the withdrawn lands; therefore, water rights would need to be determined.  The federal government is required to submit all reserved water rights claims to the state’s adjudication process, and are limited by the "primary purpose" and "minimal needs" requirements.  According to the March 2006 BMGR Integrated Natural Resource Management Plan/ Final Environmental Impact Statement, two water adjudication claims were submitted to ADWR -- one for 1,628 acre-feet annually for the Gila Bend AFAF and the other for 174 acre-feet annually on the BMGR to support potential future military uses.

Not surprisingly, the most contentious issue is often the amount of water claimed.  The quantification of a federal reserved water right is an involved process requiring the sophisticated integration of ecological models with surface and ground water flow models
; these studies would be expected to be paid for by the developer.
Solar dish and PV systems do not have significant water requirements beyond cleaning the mirrors.  However, concentrating solar trough systems use steam turbines which are wet-cooled and can require up to 2 million gallons per megawatt (MW).  A typical 100 MW plant would therefore require approximately 200 million gallons per year (MGY).
   
d. Environmental conditions and natural resource issues and concerns

The environmental aspects and conditions of the site would be assessed fully through the National Environmental Policy Act (NEPA) process.  At this time, there are no known environmental conditions that would preclude solar development.  The site is not currently within federally designated or proposed critical habitat for any endangered or threatened species. 
e. Historic, cultural, and/or archeological issues and concerns  

Appropriate historic, cultural, and archeological surveys and inventories would be conducted as part of the NEPA process, as well as compliance with National Historic Preservation Act (NHPA) and the Archeological Resources Protection Act.  The majority of the target areas within the BMGR have been surveyed and approximately 1,300 cultural/archeological sites have been identified.  However, the identified buffer area would need to be surveyed to determine the absence of historic, cultural, or archeological issues. 
f. Compatibility adjacent land uses

The proposed use of the land area for a solar power plant is believed to be compatible with the Base Comprehensive Plan and local land use plans.  The land outside the sites is undeveloped desert areas.  A paper mill is scheduled to be constructed on the north side of Gila Bend AFAF in the near future, which will pipe in natural gas from the Town of Gila Bend. 

g. Local sentiment toward the proposed use
Public support for renewable energy in Arizona is relatively strong and the Air Force has a very positive relationship with the Town of Gila Bend and BMGR stakeholders.  Solar development is not expected to negatively impact neighboring communities, and would create jobs associated with plant construction, operation, and maintenance.  According to the Solar Energy Industries Association (SEIA), solar thermal power plants can create two and one-half times as many skilled, high paying jobs for the communities in which they operate as do conventional power plants that use fossil fuels. 
  Additionally, an analysis published by DOE's National Renewable Energy Laboratory (NREL), Economic, Energy, and Environmental Benefits of Concentrating Solar Power in California, found that a 100MW solar parabolic thermal power plant produces 94 permanent O&M jobs in addition to the construction jobs. 

5.2. Market Demand Risk Analysis

The BMGR/Gila Bend AFAF is located in a relatively strong renewable energy market, as Arizona’s Renewable Energy Standard and Tariff rules, passed in 2006, require 15% of electricity to come from renewables by 2025.  This is not as aggressive as the California and Nevada solar energy markets, but the location of the BMGR assets could allow a project developer to sell power into the Southern California or Arizona energy market.  There is much movement in the Arizona renewable energy market; however, no large utility scale projects (over 10 MW) have been developed yet.  As a result of Arizona’s new renewable energy standards, the public utility, Arizona Public Service, is currently working to site a 200 to 250 MW solar plant.

BMGR/Gila Bend AFAF is located approximately 68 miles southwest of Phoenix, and 280 miles east of San Diego, California and has access to transmission traveling to both locations.  Developers are generally interested in sites with 500+ acres available, allowing for a 100MW plant (at an estimated 5 megawatts per acre) and room for future expansion.  There is the possibility that after further analysis, developers will not be interested in bidding on the project because the economics have changed due to factors such as:
· Unforeseen site constraints;

· Water limitations;

· Failure by the federal government to renew tax credits for solar energy;
· Transmission system constraints (which requires a transmission analysis to determine) and;

· Competition from other large-scale solar plants in surrounding areas (which decreases utilities appetite for solar energy temporarily).
5.3. Deleted
6. Recommendation and Next Steps

Upon obtaining concurrence from the base and the MAJCOM, it is recommended that AFRPA proceed with Phase II of the EUL process and an Industry Day on BMGR to allow potential renewable energy developers to visit the site.  Following the Industry Day, AFRPA should solicit Requests for Qualifications (RFQ) from interested developers.  The Air Force should ensure the RFQ is designed for renewable energy project development, which differs from real estate RFQ analysis.  The RFQ and evaluation of the proposals should:

· Emphasize large-scale project development experience:  Large-scale renewable energy projects are complex, requiring large capital expenditures and extensive regulatory and power market expertise. 
· Ensure credit worthiness of the awardee:  Many currently proposed large-scale renewable energy projects will never be completed due to difficulties in financing these relatively new and uncertain investments.  Sufficient collateral should be required to ensure the awarded firm has sufficient financial backing to sign a Power Purchase Agreement with the utility and raise the necessary capital to finance the project.

· Allow for side-by-side proposal comparison:  This is particularly important if the proposals offer to provide electricity or renewable energy credits directly to the installation as a form of in-kind compensation.
· Allow adequate time:  Even an experienced and sophisticated developer will need time to confirm the resource, design the project, sign a Power Purchase Agreement with the off-base customer, arrange financing and obtain renewable energy equipment (which is in short supply due to the rapid market growth).  The developer should be allowed more than the traditional 6 month period to groundbreaking, a 1-2 year timeframe is recommended.  

Because of these considerations, it is recommended that AFRPA form a team including AFRPA, the Air Force Civil Engineer Support Agency (AFCESA), the base energy and real estate managers, the MAJCOM energy manager, and a renewable energy specialty firm to compose and evaluate the RFQs.  

7. Detailed Maps and Photos
Figure 2:  Area Overview
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Figure 3:  Solar Potential Site Overview
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Photo 1:  Solar Potential Site #1
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Site and transmission line looking south               Site and transmission line looking north
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Site looking northwest
� Based on National Renewable Energy Laboratory (NREL) data.


� Final Environmental Impact Statement, Proposed Integrated Natural Resource Management Plan for the Barry M. Goldwater Range, March 2006, page 4-31.  
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� BLM, Federal Reserved Water Rights Factsheet, � HYPERLINK "http://www.blm.gov/nstc/WaterLaws/fedreservedwater.html" ��http://www.blm.gov/nstc/WaterLaws/fedreservedwater.html�. 


� The Solar Energy Generating System plant operating outside Edwards Air Force Base in California uses about 256 million gallons per year per 100 MW
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