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Executive Summary 
Concentrating solar power (CSP) systems utilize the sun’s energy to create heat that is used to 
generate electrical power. CSP systems in the United States are installed primarily in the 
Southwest, with 92% of plants that are operational, under construction, or under development 
located in three western states—Arizona, California, and Nevada. This report provides an 
overview of CSP development in these states, or the “Southwest” for the purposes of this 
discussion, with a particular focus on the water supply issues associated with CSP. 

The Western Governors’ Association (WGA) commissioned staff from the Western States Water 
Council (WSWC) to collaborate with staff from the National Renewable Energy Laboratory 
(NREL) to prepare this report. The WGA has long supported the effective management of the 
West’s water resources, as well as the development of a clean, diverse, reliable, and affordable 
energy supply consisting of traditional and renewable energy resources. This report is 
specifically intended to help inform these goals, especially as WGA continues to underwrite a 
Regional Transmission Expansion Planning project, undertaken by the WSWC and the Western 
Electricity Coordinating Council (WECC), to better understand energy development within the 
existing and future water resource constraints of the West.  

This report builds upon earlier research conducted by NREL, the University of Colorado-
Boulder, and Stanford University that was supported through the Joint Institute for Strategic 
Energy Analysis (JISEA) and presents information gathered through extensive research and 
literature reviews, as well as interviews and outreach with state water administrators and energy 
regulators, WECC and other experts familiar with CSP development in the Southwest.  

To discuss CSP development in the Southwest, this report: (1) provides an overview of CSP 
technology; (2) describes the status of CSP development in the United States and the Southwest; 
(3) summarizes the state water rights permitting and CSP facility permitting processes in the 
Southwest; (4) discusses water supply and other related issues associated with CSP development; 
(5) studies three CSP projects; and (6) sets forth observations regarding CSP development in the 
Southwest and associated water supply issues. Key observations that emerged from this effort 
include:  

• Scope of Current CSP Development: As of August 2014, the CSP projects outlook 
across the United States consists of 39 projects with a total potential operating capacity of 
5,101 MW, including 24 operational CSP plants (1,495 MW), 4 plants under construction 
(366 MW), and 11 projects proposed or otherwise under development (3,240 MW). All 
but five of these projects are located in Arizona, California, and Nevada. Although CSP 
has grown in recent years, it provides a relatively minor amount of the nation’s electricity 
generating and capacity portfolio—0.03% and 0.05%, respectively.  

• Public vs. Private Land: The Bureau of Land Management (BLM) is undertaking a 
number of efforts to facilitate solar energy development, including CSP and solar 
photovoltaic (PV), on over 19 million acres of federal lands in Arizona, California, 
Colorado, Nevada, New Mexico, and Utah, which could potentially result in almost 32 
GW of installed utility-scale solar project capacity on BLM and other federal lands in 
these states by 2030. However, some developers view the process used to approve CSP 
plants on federal lands as overly burdensome or time consuming and have avoided siting 
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projects on federal land. Nevertheless, as is the case in California, many of the most 
suitable locations for CSP development could be located on federal land, and private land 
might simply be unavailable.  

• Water Use: Every CSP plant uses some amount of water. Although wet-cooled CSP 
plants generally consume more water than many other forms of energy, they consume 
one-third of the amount that alfalfa and cotton consume per acre and about one-half of 
the water a golf course consumes per acre. Dry-cooled CSP plants use relatively little 
water and consume less water than wet-cooled nuclear, coal, and natural gas facilities. 
Dry-cooled CSP plants also have a water impact similar to natural gas facilities 
employing dry cooling. Current estimates indicate that operational CSP plants use at least 
620 acre-feet per year. By 2030, the BLM estimates that water demand for wet-cooled 
and dry-cooled solar projects (including CSP and PV) in the Southwest could total over 
221,000 acre-feet and almost 18,000 acre-feet of water per year, respectively.  

• Cost of CSP: CSP capital costs are generally higher than most other traditional and 
renewable energy technologies, with the capital costs of CSP with storage totaling 
$7,100/kW and its levelized cost of energy (LCOE) equaling $170–$290/MWh. In 
comparison, the capital costs of coal, gas, and PV plants are $3,600, $1,100, and $2,900 
per kW, respectively. The LCOEs for these technologies are $60–$90/MWh, $50–
$60/MWh, and $100–$170/MWh, respectively. However, through the use of thermal 
energy storage CSP can provide important grid services that aren’t captured by the LCOE 
metric through replacing low efficiency fossil generators (and expensive fuel costs) 
during peak summer load.  

• Competition from Other Energy Technologies: Given CSP’s higher capital costs, 
energy developers are turning increasingly to PV, which has seen significant price 
declines since 2009. Developers have converted a number of previously proposed CSP 
plants to PV. Given this trend, the rate at which CSP will continue to grow remains 
uncertain. It is also worth noting that PV systems do not require water for cooling 
purposes because they turn the sun’s energy directly into electricity rather than heat and 
therefore require considerably less water than CSP. PV plants utilize water for panel 
washing, dust suppression, and potable uses.  

• Permitting: States are primarily responsible for administering water rights within their 
borders. In general, CSP plants must obtain water right permits from the applicable state 
water management agency, but plants located in California or in Arizona outside of the 
state’s Active Management Areas (AMAs) generally do not require state-issued permits. 
However, most CSP plants must obtain approval from a state utility commission or 
energy planning agency. These agencies can play a critical role in evaluating a project’s 
proposed water use and some have the authority to reject or condition a project’s 
approval based on its water use. 

• Groundwater: Most CSP plants are located or are being proposed in remote desert areas 
that are far from population centers, typically leaving groundwater as the only available 
or most feasible water source. In Arizona, a number of plants are being sited outside of 
the state’s AMAs and do not require state-issued water right permits. Similarly, most 
CSP plants in California rely on groundwater and also do not require state-issued water 
right permits.  
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• Wet Cooling, as Compared to Dry and Hybrid Cooling: There is an increasing trend 
that favors dry-cooled and hybrid CSP plants over wet-cooled plants, particularly in 
California and Nevada. For example, of the 24 CSP plants that are operational in the 
Southwest, 17 are wet-cooled. In contrast, of the 15 CSP projects that are under 
construction or development in the region, at least 9 will be dry-cooled, hybrid-cooled, or 
use reclaimed water.  

• Location: Where a project is located has a significant impact on its feasibility and ability 
to secure the necessary regulatory approvals. In general, projects that are sited on 
disturbed sites appear to generate relatively less opposition to their potential 
environmental impacts. Projects located on previously irrigated land that use less water 
than the prior use also appear to face less opposition.  
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1 Introduction 
In recent years, energy developers have proposed and built a number of large utility-scale 
concentrating solar power (CSP) projects in the southwestern United States.  

As of August 2014, there were four CSP projects under construction and another 11 that have 
been proposed or are otherwise under development in the United States. Together with the 24 
CSP projects that are already operational, these projects could potentially provide over 5,100 
MW of low-emissions renewable electricity. Notably, 93% of these projects will be located in 
three states—Arizona, California, and Nevada, or the “Southwest” for the purposes of this report.  

CSP plants concentrate the sun’s energy to capture solar energy, which they then use to create 
heat to generate electricity. Every type of CSP plant requires some amount of water, with wet-
cooled plants typically requiring more water than many other forms of energy. However, the vast 
amounts of direct sunlight that make the Southwest so appealing for CSP development also mean 
that many of the most profitable locations for CSP sites are some of the most water scarce areas 
of the country. This has raised questions about the possible impacts of CSP development on 
water resources in the Southwest and how water availability will impact the siting of future 
plants.  

At the same time, the federal government is taking a number of steps to encourage renewable 
energy development, including CSP, by offering various tax incentives and working to “fast 
track” the approval of large utility-scale renewable energy projects on federal land. Most 
recently, the Bureau of Land Management (BLM) approved a “roadmap” in October 2012 that 
would open 19 million acres of federal land in the Southwest, as well as Colorado, New Mexico, 
and Utah, for possible solar development. Under a reasonably foreseeable development scenario, 
BLM projects a total of almost 32 GW of installed utility-scale solar project capacity on BLM 
and other federal land (e.g., surrounding U.S. Forest Service and Department of Defense) in 
these six states, representing 3% of existing electricity capacity in the United States. BLM 
further estimates that by 2030 the total water demand for wet-cooled solar plants on BLM and 
other federal land, including CSP, could eventually total 221,000 acre-feet, and dry-cooled solar 
plants could total almost 18,000 acre-feet. 

1.1  The Energy and Water Policies of the Western Governors’ 
Association  

The Western Governors’ Association (WGA) has long advocated for a clean, diverse, reliable, 
and affordable energy supply consisting of a combination of traditional and renewable energy 
resources designed to move the country toward a truly balanced energy portfolio for the western 
states as well as a greater state of energy security and reliability.1 WGA’s 2013 “10-Year Energy 
Vision” expressed a primary goal of the Governors to establish “an energy distribution 
infrastructure (electricity transmission and pipelines) planning, siting, and permitting system that 
facilitates the development of necessary infrastructure while maintaining wildlife, natural 
resource, and environmental protection.”2 With respect to water, WGA policy states that Western 
Governors “recognize that energy development and electricity generation may create new water 
demands [and] recommend increased coordination across the energy and water management 
communities.”3  
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To further these policies and goals, WGA facilitated work by the Western Electricity 
Coordinating Council (WECC) on a Regional Transmission Expansion Planning Project (RTEP). 
The RTEP project was funded by the U.S. Department of Energy (DOE). This effort analyzed 
electricity transmission requirements under a broad range of alternative energy futures to help 
facilitate long-term, interconnection-wide transmission expansion plan development.  

The Western States Water Council (WSWC) is also involved in incorporating western state 
information on water demand and availability into the transmission planning process to minimize 
impacts of potential future energy generation on the West’s water resources.4 This report is 
intended to provide information on the various water supply and other related issues that impact 
CSP siting and development in the Southwest.  
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2 The Technology of Concentrating Solar Power 
CSP systems convert the sun’s energy into high temperature heat by using mirrors to concentrate 
incoming energy. The resulting heat can be used to drive a turbine or an engine, producing 
electricity in a similar fashion to conventional power plants. CSP systems operate as low-carbon 
sources of electricity in that they do not produce greenhouse gas emissions because their primary 
fuel source is the sun, not fossil fuels, although some CPS project do use small amounts of 
natural gas to provide boiler stability, freeze protection, or supplemental power generation.  

2.1 CSP Technologies 
The four primary types of CSP technologies are parabolic troughs, power towers, linear Fresnel 
systems, and parabolic dish (Stirling engine) systems (Figure 1).  

 

 
Figure 1. The four primary types of CSP technologies 

Photo by Warren Gretz, NREL 01225 (parabolic trough); from Sandia National Laboratories, NREL 00036 
(power tower); from AREVA Solar, NREL 19882 (linear Fresnel); by David Hicks, NREL 18380 (parabolic 

dish) 
 
Parabolic trough systems are the most commonly used CSP technology and comprise rows of 
trough-shaped mirrors that direct solar insolation to a receiver tube along the focal axis of each 
trough. The focused radiation raises the temperature of heat-transfer oil, which is used to 
generate steam. The steam then powers a turbine-generator to produce electricity.  

Linear Fresnel systems operate similarly to parabolic trough systems but replace the trough-
shaped mirrors with a series of flat mirrors. The flat mirrors generally entail lower capital costs 
but result in lower system performance.  
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Power tower systems consist of a field of sun-tracking mirrors called heliostats that direct 
insolation to a receiver atop a tall tower. Steam can be generated directly or a molten salt heat-
transfer fluid is heated in the receiver and is piped to a ground-based steam generator. The steam 
drives a turbine-generator to produce electricity.  

Parabolic dish systems use a dish-shaped arrangement of mirror facets to focus energy onto a 
receiver at the focal point of the collector. A fluid or gas, such as hydrogen, is heated in the 
receiver and drives a turbine or Stirling engine. Most current dish applications propose using 
Stirling engine technology because of its potential high efficiency.  

Because parabolic trough, Fresnel, and power tower systems collect heat to drive central turbine 
generators, they are best suited for large-scale plants that are 50 MW or larger. Additionally, 
these plants can make use of thermal energy storage (TES) or hybrid systems that generate 
electricity using both solar energy and fossil fuels to achieve greater operating flexibility and 
dispatchability. Dish systems are modular in nature, with single units producing power in the 
range of 10 kW to 35 kW. Thus, dish systems could be used for distributed or remote generation 
applications, or in large arrays of several hundred or thousand units to produce power on a utility 
scale.  

2.2 Thermal Energy Storage 
Parabolic troughs, power towers, and Fresnel systems have the ability to incorporate TES into 
their plant design, which allows them to operate similarly to some traditional fossil fuel-based 
electricity generating units. TES involves capturing solar energy during the day and storing it in 
the form of molten salts. During times of low sunlight, or during peak demands, this molten salt 
can be used to generate steam and drive turbines to produce electricity.  

The flexibility resulting from the use of TES means that CSP can provide electricity to meet 
different load demands throughout the day given a sufficient amount of storage. Figure 2 shows 
the load curve for a typical summer day in California, breaking down baseload, intermediate, and 
peak loads. CSP could theoretically contribute to baseload power (similar to a nuclear or coal 
facility providing electricity 24 hours a day), intermediate power to meet load changes 
throughout the day (similar to a natural gas or hydro facility), and peaking demands (similar to a 
natural gas peaker plant) (Table 1). This flexibility and reliability, combined with their high 
efficiencies and large installed capacity sizes (100–1,000 MW), mean that CSP systems have the 
potential to provide significant amounts of renewable, relatively emissions-free energy.  
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Figure 2. Typical load curve for a summer day in California in 2009.5  

Baseload refers to a constant demand that must be met. Intermediate load fluctuates throughout the day 
based on consumer demand. Peak load refers to the maximum electricity demand. Technologies capable 

of meeting different types of load are shown in  
Table 1. 

 
Table 1. Technologies That Have Capabilities to Meet Different Types of Electric Demand Load6 

Generator Type Attributes of Generator Conventional Renewable 

Must-Take Dependent on variable resource; requires 
additional generation capacity NA 

CSP without 
storage; PV; 
wind 

Peak Load Provides power during peak demand 
Natural gas 
combustion 
turbine 

CSP; PV 

Intermediate 
Load 

Varies production to follow demand; 
predictable availability 

Natural gas 
combined cycle 

CSP with 
storage; 
hydropower 

Baseload 
Low fuel and operating costs; constant 
rate of production; often very large to 
Benefit from economy of scale 

Coal 
Nuclear 

CSP with 
storage; 
biomass; 
geothermal; 
hydropower 

 
2.3 Solar Resources in the United States 
CSP technologies require direct sunlight for operation. This direct sunlight is measured in terms 
of direct normal irradiance (DNI), or the amount of solar radiation from the direction of the sun. 
In contrast, photovoltaic (PV) systems operate using direct sunlight and diffuse sunlight, which 
occurs when sunlight is deflected by atmospheric obstacles such as clouds. Diffuse sunlight 
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cannot be concentrated with mirrors. Thus, the best CSP sites are often located in areas with 
reliably clear skies and significant amounts of direct sun, like the Southwest (Figure 3).  

 
Figure 3. Average annual direct normal irradiance7 

Beyond solar resources, CSP has additional siting requirements due to the properties of the 
technology. The land requirements for a CSP installation are approximately 4–15 acres/MW of 
installed capacity.8  The need for such large amounts of land means that CSP projects are often 
sited in remote desert locations far from population centers and surface water bodies. Figure 4 
shows the theoretical potential land available for CSP deployment, considering a DNI greater 
than 6 kWh/m2/day, land slope less than 1%, and excluding areas such as sensitive 
environmental areas, urban areas, and water bodies.  
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Figure 4. DNI resource of the U.S. Southwest filtered to show areas with the greatest potential for 

CSP deployment.9  

DNI resources have been filtered to exclude potentially sensitive environmental lands, major urban areas, 
water bodies, areas with slope greater than 1%, and contiguous areas less than 1 km2. 

 
This land area corresponds to an installed CSP capacity of about 7,000 GW, or approximately 
16,000 TWh of electricity per year. This capacity is around six times greater than existing U.S. 
electric capacity (1,100 GW), and the electricity output would be four times the current U.S. 
electricity demands (4,100 TWh). CSP is not expected to deploy to these levels, but the large 
resource availability highlights the potential for CSP to be deployed in a variety of different 
locations in the Southwest.  

2.4 CSP Water Requirements by Process 
All CSP systems require some amount of water for operational processes. This includes water for 
construction, the steam cycle,  and process cooling purposes, as well as the occasional cleaning 
of solar collectors or mirrors. Parabolic trough, linear Fresnel, and power tower CSP 
technologies rely on steam Rankine power cycles that are essentially the same as those used in 
coal and nuclear power plants. Completing the cycle in a Rankine power block requires a cooling 
system to condense steam back into water. While most water is reused in the cycle, water is still 
needed for the steam cycle make-up.  
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There are three steam cycle cooling systems available to CSP facilities: wet-cooled, dry-cooled, 
and hybrid-cooled. A more efficient and commonly used cooling system is a wet-cooled system, 
also referred to as recirculating evaporative cooling, which uses a cooling tower. A dry-cooled 
system uses an air-cooled condenser for cooling purposes. A hybrid system can make use of both 
wet cooling and dry cooling that can be used separately or simultaneously depending on ambient 
temperatures, or alternatively can use water sprays or deluges in a dry-cooled system to reduce 
ambient temperatures. All types of CSP technologies can require thousands of acre-feet of water 
during construction depending on their size and type of technology.  

Operational CSP water use by process is summarized below:10 

• Wash water for mirrors requires 20–40 gallons/MWh. 

• Makeup water for the steam cycle process water requires 30–60 gallons/MWh. 

• Cooling system water requirements for the steam cycle process range from 0–900 
gallons/MWh, depending on CSP technology and cooling system:  

o A wet-cooled system can require between 750 and 900 gallons/MWh. 

o Cooling requirements for auxiliary systems (if separate from steam cycle cooling) 
also depends on CSP technology and cooling system. 

o A dry-cooled system adds no additional water consumption. 

o A hybrid-cooled system adds an amount somewhere between wet-cooled and dry-
cooled values that is dependent on the frequency of use of the wet cooling.  

Dish systems do not generally require water for cooling, nor for steam cycle operations, but do 
require a small amount to wash the concentrators.  

2.5 Cooling System Tradeoffs 
The performance, cost, and water impacts of CSP systems are partially dependent on their site’s 
local climatic conditions.11 Beyond solar resources, temperature and humidity patterns are 
additional factors to consider. In general, CSP systems in hotter and drier areas have better solar 
resources but have lower thermoelectric plant efficiencies than CSP systems in cooler areas due 
to the fact that Rankine power cycle efficiencies are dependent on the temperatures of the heat 
sink. This lower plant efficiency leads to higher water consumption rates.  

Climatic dependency is also apparent when assessing the performance penalties associated with 
switching from a wet-cooled system to a dry- or hybrid-cooled system. These penalties are 
greater in hotter, less humid areas. For instance, consider CSP system performance in the hot 
climate of Las Vegas, Nevada, and in the cooler climate of Alamosa, Colorado. Both areas have 
excellent solar resources but have very different climate profiles. These differences are 
summarized for parabolic trough technologies:12  

• The water consumption rate (gallons of water per megawatt-hour generation) for a wet-
cooled CSP plant is 20% higher in hot areas like Las Vegas than in cooler areas like 
Alamosa. 



9 

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

• Switching from a wet-cooled system to a dry-cooled system results in a 92%–93% 
reduction in water usage in both areas. 

• Hybrid-cooled CSP systems will consume more water in hot areas like Las Vegas than in 
cooler areas like Alamosa, as the cooling tower will need to be employed more. 

• The performance penalty associated with switching from a wet-cooled system to a dry-
cooled system results in a decline in annual electricity output dependent on climate, 
ranging from 2% (Alamosa) to 5% (Las Vegas).  

• The cost penalty associated with switching from a wet-cooled system to a dry-cooled 
system results in a climate-dependent increase in the levelized cost of energy (LCOE) of 
2.5% (Alamosa) to 8% (Las Vegas).13 

Climate-specific conditions must be taken into consideration when analyzing the water impacts 
of electricity generation and water intensity, including CSP technologies. Additionally, 
increasing drought and other climate conditions can impact the micro-climates in the Southwest, 
meaning a clearer understanding of the relationships between local climatic factors and CSP 
system performance and water intensity are necessary for better risk management.  

2.6 Comparison of CSP Water Requirements With Other Electricity 
Generating Technologies 

Given that CSP systems can displace power from other electricity generation sources, it is 
important to consider CSP water use in the context of other technologies and cooling systems. 
Figure 5 compares CSP’s water use with other technologies. Recirculating cooling, once-through 
cooling, and pond cooling are all collectively referred to as wet-cooled. 
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Figure 5. Operational water consumption requirements for electricity generating technologies14  

In general, CSP water consumption relates to other technologies in the following ways:  

• CSP systems with recirculating cooling technologies have higher water consumption 
rates (in terms of gallons per MWh) than many other wet-cooled technologies.  

• A wet-cooled coal system with carbon capture capabilities can consume more water than 
a wet-cooled CSP system.  

• Dry-cooled CSP systems have lower water use rates than competing nuclear, coal, and 
natural gas facilities using cooling towers. They have similar water impact to natural gas 
facilities employing dry cooling.  

• Hybrid system water use depends upon how frequently the cooling tower is utilized, but 
studies have shown that CSP hybrid-cooled systems consume less water than existing 
(wet-cooled) coal, natural gas, and nuclear power plants in some areas.  

• PV systems do not require water for cooling purposes because they turn the sun’s energy 
directly into electricity rather than heat and therefore require considerably less water than 
CSP. PV plants do require water for mirror washing, dust suppression, and potable uses.  

2.7 Comparison of CSP Water Requirements With Other Land Uses 
As CSP systems require a considerable amount of land and water, it is important to compare 
CSP’s water consumption intensity (in terms of volume of water per acre) with other existing 
land uses. Some CSP facilities are being sited on old agricultural land and efforts are currently 
being made to ensure that CSP development occurs on disturbed and contaminated lands that 
likely have limited biological resource value.15 CSP wet-cooled facilities consume 
approximately one-third of the amount of water per acre as common crops in the Southwest, such 
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as alfalfa and cotton, and about one-half as much water per acre as a golf course (Figure 6). 
Thus, a wet-cooled CSP facility located on disturbed agricultural land might use less water than 
previous agricultural activities and could help to reduce water stress in that area. Of course, 
agriculture provides many benefits to a community and is an important component of the 
Southwestern economy and culture. If agricultural productivity is low, there could be a multi-
factored decision about the best use of that land, with CSP being one alternative use. The 
multiple benefits of agriculture would figure prominently in that decision, along with any 
benefits of any alternative land use, including CSP technologies.  

 
Figure 6. Comparison of CSP and PV water requirements with other common land uses in the U.S. 

Southwest, in acre-feet per acre per year.16 

One acre-foot is approximately 325,851 gallons. 
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3 CSP Development in the United States and 
Southwest 

CSP and renewables as a whole currently represent a very small portion of the U.S. electricity 
generation and capacity portfolio, with CSP providing 0.03% and 0.1%, respectively (Table 2). 
Although it is possible that CSP could greatly expand in the future, the extent to which the 
technology is able to expand will depend on a number of factors. 

3.1 Current Extent of CSP Development 
As of August 2014, total CSP development in the United States consisted of 39 projects with 
5,101 MW of capacity, including 24 operational CSP plants (1,495 MW), 4 plants under 
construction (366 MW), and 11 plants under development or otherwise proposed (3,240 MW).17 
All but five of these projects are located in the Southwest. Please see the Appendix for a full list 
of CSP projects. With respect to other solar technologies, the total PV development for the 
United States includes 515 projects with an operating capacity of 27,024 MW, most of which are 
under construction, have been proposed, or are otherwise under development. For concentrating 
PV (CPV), which concentrates sunlight onto a small area of PV cells to generate electricity 
directly, the total includes 9 projects with an operating capacity of (272 MW) (Appendix).  

 Table 2. U.S. Electricity Generation and Capacity Portfolio (2012)18 

Technology Generation (%) Capacity (%) 
Coal 37.4% 28.8% 
Natural Gas 30.3% 41.6% 
Nuclear 19.0% 9.2% 
Hydropower 6.8% 6.7% 
Biomass 1.4% 1.2% 
Geothermal 0.4% 0.3% 
Wind 3.5% 5.1% 
PV 0.1% 0.2% 
CSP 0.03% 0.1% 
Other 1.0% 6.8% 

 
Among operational CSP systems, approximately 90% of existing capacity utilizes the parabolic 
trough system technology. Sixty percent of capacity under construction is for parabolic trough 
systems, with the remaining 40% being power tower systems. Most operational plants are in 
California (Figure 7).  
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Figure 7. Installed capacity of CSP projects by state19  

Values indicate total installed CSP capacity in MW as well as percentage of national total as of March 
2014. 

 
3.2 State and Federal Efforts to Encourage CSP  
States and the federal government use a variety of mechanisms and incentives to facilitate and 
encourage renewable energy development, including CSP. These mechanisms vary considerably 
and include state requirements that certain percentages of electricity generation come from 
renewable energy, state and federal tax incentives, and federal efforts to encourage renewable 
energy development on federal lands.  

3.2.1 State Renewable Portfolio Standards  
State renewable portfolio standards (RPS) are one of the motivating factors spurring CSP 
development in the Southwest. These standards require certain types of utilities to acquire or 
generate a percentage of renewable energy through a combination of solar, wind, biomass, 
landfill gas, ocean, geothermal, and other sources.20  

Although the specifics vary, all three of the states discussed in this report have adopted RPSs. In 
general, these standards set milestones for renewable energy production that begin on a certain 
date and increase on an annual basis until reaching their final targets, which are set to be 
achieved in the 2020s. RPSs for the states discussed in this report are shown in Table 3.  
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Table 3. RPS Milestones for Arizona, California, and Nevada21 

State RPS Compliance Schedule 
AZ • 15% by 2025 

 
• 30% of the renewable energy must come from 

distributed renewable (DR) technologies by 2012 
and thereafter 

 
• One-half of the distributed renewable energy 

requirement must come from residential 
installations and the remaining half from non-
residential, non-utility installations 

2006: 1.25% 
2007: 1.50% (5% DR) 
2008: 1.75% (10% DR) 
2009: 2.00% (15% DR) 
2010: 2.50% (20% DR) 
2011: 3.00% (25% DR) 
2012: 3.50% (30% DR) 
2013: 4.00% (30% DR) 
2014: 4.50% (30% DR)  
2015: 5.00% (30% DR) 
2016: 6.00% (30% DR) 
2017: 7.00% (30% DR) 
2018: 8.00% (30% DR) 
2019: 9.00% (30% DR) 
2020: 10.00% (30% DR) 
2021: 11.00% (30% DR) 
2022: 12.00% (30% DR) 
2023: 13.00% (30% DR) 
2024: 14.00% (30% DR) 
2025: 15.00% (30% DR) 
 

CA • 33% by 2020 
 

20% by the end of 2013 
25% by the end of 2016 
33% by 2020 
 

NV • 25% by 2025 
 

• 5% of renewable energy must come from solar 
through 2015 and account for 6% beginning in 
2016 

 
• Energy efficiency measures can be used to satisfy 

up to one-quarter of the RPS in any particular 
year. To qualify, the efficiency measures must 
reduce a customer’s energy demand and be: (1) 
implemented after January 1, 2005; (2) sited or 
implemented at a retail customer’s location; and 
(3) fully or partially subsidized by the electric utility 

 

2005– Establish an energy 
distribution infrastructure 
(electricity transmission and 
pipelines) planning, siting  
and permitting system that 
facilitates the development of 
necessary infrastructure while 
maintaining wildlife, natural 
resource, and environmental 
protection. 
2006: 6% 
2007–2008: 9% 
2009–2010: 12% 
2011–2012: 15% 
2013–2014: 18% 
2015–2019: 20% 
2020–2024: 22% 
2025 and thereafter: 25% 

 
These standards appear to be one of the primary factors encouraging utility companies to include 
solar energy within their portfolios. For example, Arizona’s RPS has prompted the Tucson 
Electric Power Company (TEP) to take action to expand its renewable portfolio and to seek to 
purchase power from various solar projects, including a proposed CSP facility.22 Likewise, 
California’s RPS has played a role in stimulating solar development, including CSP plants.23  
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However, utilities have raised concerns about compliance costs associated with RPS 
requirements, which are passed on to utilities and eventually to consumers.24 In TEP’s case, a 
2010 report found that the added cost to each consumer is about $3 per month.25 Although this 
amount may seem relatively small, some observers have stated that utilities will likely pass any 
and all additional costs on to consumers, which could add up to more substantial amounts.26  

It is also important to note that of the states discussed in this report, only Nevada has specific 
goals for solar development, requiring that at least 5% of renewable energy projects must come 
from solar energy (Table 3). To some solar industry experts, the lack of such requirements in 
other states, including California and Arizona, could create an incentive for utilities to import 
renewable energy from other states or to produce renewable energy from sources other than 
solar.27  

3.3 State Financial Incentives 
State and local governments in the Southwest provide a variety of financial incentives aimed at 
encouraging the development of renewable energy, such as CSP. These include various tax 
credits, grants, loans, rebates, and other incentives. Although the impacts of these incentives 
vary, they do have the potential to provide significant financial savings to developers. For 
instance, annual property taxes for the Genesis Solar CSP project under construction in 
California are $627,000 under the state’s property tax exemption for solar systems, which is set 
to expire during the 2015–2016 fiscal year. If the exemption expires, the project’s estimated 
annual property taxes would increase to about $10.5 million.28 Table 4 contains a sampling of 
renewable energy incentives in the Southwest.  
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Table 4. Examples of State-Based Renewable Energy Incentives29 

State Tax Credit Description 
AZ Renewable Energy 

Production Tax 
Credit30 

The tax credit is based on the amount of electricity produced annually for a 
10-year period. For solar systems, the credit depends on the year of 
production and ranges from $0.04/kWh in the first year to $0.01/kWh in the 
tenth year. The maximum credit that can be claimed for any one year is $2 
million. 

Non-Residential 
Solar and Wind 
Credit31 

Tax credit can be applied against corporate or personal taxes. It is equal 
to 10% of the installed cost of qualified solar energy devices and applies to 
tax years beginning in 2006 and extending through 2018. The maximum 
credit per taxpayer is $25,000 for any one building and $50,000 in total 
credits in any year.  

Property Tax 
Assessment for 
Renewables and 
Efficiency32  

Assesses renewable energy equipment owned by utilities and other 
entities operating in Arizona at 20% of its depreciated cost for the purpose 
of determining property tax. 

Solar Sales Tax 
Incentive33 

Allows retailers to deduct amounts received from the sale of solar energy 
devices from their transaction privilege tax base and allows contractors to 
deduct the proceeds from the installation of qualifying devices from their 
transaction privilege tax base. 

CA Property Tax 
Exclusion for Solar 
Energy Systems34 

Certain types of solar energy systems installed between January 1, 1999, 
and December 31, 2016, are excluded from property tax. Dual use 
systems for solar-electric systems qualify for the exemption only to the 
extent of 75% of their value. 

Renewable Auction 
Mechanism (RAM)35 

RAM is a market-based reverse auction intended to streamline the 
procurement process for renewable distributed energy generation projects 
up to 20 MW. 

 California Solar 
Initiative (CSI)36  

CSI provides rebates for PV systems that range from $0.20 to $0.35 per 
AC watt for residential and commercial systems and from $0.70 to $1.10 
for non-profits and government entities. The initiative has a total budget of 
$2.167 billion between 2007 and 2016 and a goal to install approximately 
1,940 MW of new solar generation capacity. 

NV Portfolio Energy 
Credits37 

Renewable energy producers can earn Portfolio Energy Credits (PECs) 
that they can sell to utilities meet the state’s RPS. 

State Loan 
Program38 
 

Revolving loan fund that provides short-term low-interest loans to 
renewable energy projects. The minimum and maximum loan amounts are 
$100,000 and $1 million, respectively. Loans cannot exceed 15 years.  

Sales and Use Tax 
Abatement39 
 

Purchasers of qualifying renewable energy technologies pay sales and 
use taxes at 2.25%. Generation facilities must have a capacity of at least 
10 MW, while solar facilities must generate at least 25.8 million British 
thermal units (BTUs) of process heat per hour.  

Large-Scale 
Renewable Energy 
Property Tax 
Abatement40 

Property tax abatements of up to 55% for up to 20 years are available 
through the Nevada Office of Energy for real and personal property used 
to generate renewable electricity. Generation facilities must have a 
capacity of at least 10 MW, while solar facilities must generate at least 
25.8 million BTUs of process heat per hour.  

 

3.4 Federal Incentives 
The federal government provides a number of financial incentives to encourage renewable 
energy development, including CSP. One notable incentive is the investment tax credit (ITC), 
which provides solar projects a tax credit of up to 30% on the capital costs of a project with no 
maximum credit amount. The credit is generally available for eligible systems placed in service 
on or before December 31, 2016.41 
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Congress also passed the Energy Policy Act (EPAct) in 2005 to “ensure jobs for our future with 
secure, affordable, and reliable energy.”42 To accomplish this goal, the EPAct states that the U.S. 
Department of the Interior should act to approve renewable energy projects on federal lands 
before the end of 2011. Moreover, it appropriated over $50 billion for DOE loan guarantees 
aimed at supporting clean energy projects that use innovative technologies and spurred further 
investment in such technologies.43 Guarantees can equal up to 80% of a facility’s cost, but the 
EPAct only provided loan guarantees for the “early commercial use of innovative technologies,” 
which did not necessarily include utility-scale solar projects.44  

Congress later extended the loan guarantees to include traditional renewable energy systems 
when it passed the American Recovery and Reinvestment Act (ARRA) of 2009. ARRA 
authorized an additional $6 billion to support loan guarantees and about $21 billion in tax 
incentives but required companies to break ground before December 31, 2011 to qualify for 
grants. This requirement led to the filing of a significant number of right-of-way applications 
with BLM, which had received as many as 188 applications for solar projects on federal lands as 
of July 2010.45  

3.5 CSP Development on Federal Land 
In recent years, the executive and legislative branches have employed a variety of means to 
promote solar energy (both CSP and PV) development on federal lands. Much of the federal land 
that is most suitable for CSP development falls under the jurisdiction of BLM, which manages 
millions of acres of federal land and is responsible for approving the necessary rights-of-way 
needed to construct utility-scale solar projects on those lands.46  

BLM’s current Solar Energy Development Policy is designed to “facilitate environmentally 
responsible commercial development of solar energy projects on [federal] lands.” To this end, 
the agency approved the first utility-scale solar projects on federal land in 2010 and has approved 
a total of 28 projects since 2010. These projects have the potential to generate 8,556 MW of 
energy and range in size from a 45 MW PV system on 422 acres to a 1,000 MW parabolic trough 
CSP project on 7,025 acres. Another 70 solar projects have been proposed on federal lands, 
primarily in Arizona, California, and Nevada.47 

This subsection describes the basic elements of the process BLM uses to approve rights-of-way 
for solar projects on federal lands and also discusses recent efforts by the agency to facilitate 
solar development, including a “fast-track” approval process and changes to its current policies 
that would make over 19 million acres of federal land available for solar development.  

3.5.1 The Federal Land Policy Management Act 
The Federal Land Policy Management Act (FLPMA) is the principal law that governs how BLM 
manages federal lands. Under the FLPMA, BLM must prepare and maintain land-use plans 
pertaining to the protection, management, development, and enhancement of federal lands. These 
plans must apply the principles of sustainable yield and multiple uses and consider both present 
and potential uses of federal lands. As such, land-use plans can allow for a range of uses, 
including CSP development, so long as they allow for the use of public resources in a way that 
best meets the current needs of the American people and the long-term needs of future 
generations. When developing land-use plans, BLM must consider the value of resources located 
on federal lands without necessarily promoting those uses with the greatest economic return. 
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Importantly, the FLMPA also requires BLM to ensure the protection of the environmental 
resources it manages and to provide “habitat for fish and wildlife.”48 

BLM allows for the installation of CSP and other solar projects on federal lands by authorizing 
rights-of-way for such projects under Title V of the FLPMA. In order to authorize a right-of-
way, BLM must determine on a case-by-case basis whether the project is consistent with its land-
use planning priorities, and entities receiving a right-of-way must comply with the terms of the 
authorization and pay fair market value for the use of federal lands.49 BLM also assesses a 
project’s potential impacts on environmental resources, including water, in accordance with 
applicable laws.50 

The FLPMA requires BLM to honor state laws and coordinate with applicable state and local 
governments when authorizing rights-of-way on public lands. To this end, BLM rights-of-way 
must include terms and conditions that: 

[R]equire compliance with applicable air and water quality standards established 
by or pursuant to applicable Federal or State law… [and] State standards for 
public health and safety, environmental protection, and siting, construction, 
operation, and maintenance of or for rights-of-way for similar purposes if those 
standards are more stringent than applicable Federal standards.51 
 

The FLPMA and its implementing regulations also require BLM to provide the public with 
opportunities to express concerns about proposed projects and contribute to the agency’s right-
of-way decision-making process.52  

3.5.2 National Environmental Policy Act 
The National Environmental Policy Act (NEPA) requires federal agencies that are contemplating 
a “major Federal action significantly affecting the quality of the human environment” to study 
the possible environmental impacts of its actions. NEPA applies to most BLM decisions to grant 
a right-of-way for CSP development on federal lands, and the agency will usually prepare what 
is known as an “environmental assessment”(EA) for a right-of-way application. If the EA finds 
that no significant environmental impacts will occur, including impacts to water, it will make a 
finding of no significant impact. However, if significant environmental impacts are likely, BLM 
must prepare a detailed environmental impact statement (EIS) that considers the environmental 
impacts of the proposed action, as well as social and economic impacts and all reasonable 
alternatives, including a “no action” alternative.53 According to some reports, the cost of 
completing environmental impact studies can range from $5 million to $6 million, with costs 
generally assessed to the applicant.54 

Notwithstanding BLM’s efforts to encourage solar development on federal land, many CSP 
developers prefer to site their projects on private land to avoid NEPA and other federal 
requirements, which can add to the costs and time needed to complete a project. Such has been 
the case in Arizona where project sponsors have largely avoided siting their projects on federal 
lands.55 However, in California, private lands in suitable areas are highly parcelized and the 
effort and ability needed to create a large, contiguous area is a constraint that often means 
developers have little choice but to site their projects on federal land.56  
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3.5.3 BLM’s “Fast-Track” Approval Process  
In 2009, BLM began using a “fast-track” process to review and approve right-of-way 
applications for renewable energy projects proposed for federal lands to ensure that approved 
projects would qualify for federal ARRA financial assistance.57 Under the process, BLM created 
a list of priority energy projects for expedited review and processing. Selected projects included 
those that BLM had determined to have made enough progress in the necessary environmental 
review and public participation processes that it was possible for the projects to be cleared by 
December 2010, making them eligible for ARRA funding.58  

As with BLM’s normal right-of-way review process, the fast-track process reviewed the 
environmental impacts associated with solar development and included consultation with state 
and local governments.59 The specifics of this consultation have varied according to each state 
and project but have included such things as joint state-federal technical analysis, joint public 
meetings and workshops, and joint document review to ensure consistency, among other 
efforts.60  

Some have criticized BLM for moving too fast to approve fast-tracked projects at the expense of 
environmental and other resources. For example, some environmental groups objected to the 
speed in which BLM approved right-of-way applications, arguing that the agency was unable to 
give sufficient consideration to potential impacts. Others argued that the impetus to approve 
projects quickly within the timeframe imposed by ARRA trumped the need for the thorough 
evaluation of environmental impacts.61 

However, BLM has justified the use of this fast-track process by arguing that the approved 
renewable energy projects have the capacity to displace conventional energy production facilities 
that produce greenhouse gasses. It further maintains that it used suitable environmental policies, 
procedures, and mitigation strategies in reviewing proposed CSP projects, and that it took all 
practical steps to comply with applicable environmental laws.62  

3.5.4 Federal Solar “Roadmap” for Utility-Scale Solar Development on Federal 
Lands 

In October 2012, the Obama Administration approved a Programmatic Environmental Impact 
Statement (PEIS) or possible “roadmap” for solar energy development that considers replacing 
elements of its current energy solar policies with a comprehensive “Solar Energy Program” that 
would allow the permitting of future solar energy projects on public lands to proceed in a “more 
efficient, standardized, and environmentally responsible manner.”63 In particular, the PEIS 
evaluates potential actions the agencies are considering to further facilitate utility-scale solar 
energy development in Arizona, California, Colorado, Nevada, New Mexico, and Utah. For 
BLM, such actions include the evaluation of a new Solar Energy Program applicable to solar 
development on BLM-administered lands. DOE efforts would include the evaluation and 
development of new guidance to facilitate utility-scale solar energy development and mitigation 
of potential environmental impacts.64  

The PEIS is intended to move BLM away from considering individual solar projects on a case-
by-case basis by directing projects to specific locations or “Solar Energy Zones” that have a 
relatively low potential for conflict with environmental, cultural, and historic resources as well as 
good energy transmission potential and possible economic benefits. In total, the PEIS identifies 
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17 solar zones encompassing about 285,000 acres of federal lands as priority areas for utility-
scale solar development (Figure 8).65  

 

Figure 8. Proposed solar energy zones of the Solar Energy Development PEIS66  

The PEIS excludes a little under 79 million acres from solar development where BLM 
determined that environmental, historical, and cultural resources could be impaired by 
development. It also provides incentives to encourage development in the solar energy zones, 
including quicker permitting, mitigation strategies, and economic incentives. Moreover, the PEIS 
identifies design features, or best practices, for solar development that are aimed at ensuring 
environmentally responsible development.67  

In addition to the solar energy zones, the PEIS allows for solar development on 19 million acres 
in “variance” areas outside of the zones. Altogether, the PEIS encompasses a total development 
of 23,700 MW from the 17 zones and the variance areas, or enough energy to power over 7 
million American homes (Table 5).68  
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Table 5. Potentially Developable BLM Land (Acres) Under PEIS69 

State Potential Developable Land (Acres) 

AZ 3,380,877 

CA 766,078 

CO 95,128 

NM 4,184,520 

NV 9,076,145 

UT 1,809,759 

Total 19,312,507 
 

By 2030, under a reasonably foreseeable development scenario, BLM projects a total of almost 
32 GW of installed utility-scale solar project capacity on BLM and non-BLM lands in six states 
(Table 6), representing approximately 3% of existing electric capacity in the United States. Such 
capacity could require significant amounts of water, and BLM estimates that the total water 
demand for wet cooling and dry cooling for all solar projects by 2030 could total 72.1 billion and 
5.8 billion gallons of water, or about 221,000 acre-feet and 18,000 acre-feet per year, 
respectively (Table 6).  

Table 6. BLM-Estimated Megawatts of Solar Power Development by 2030 Under a Reasonably 
Foreseeable Development Scenario70 

State Estimated MW of 
Capacity of 2030 

Estimated Water Demand-Wet 
Cooling (billion gallons) 

Estimated Water 
Demand-Dry Cooling 
(billion gallons) 

AZ 3,232 7.3 0.6 

CA 20,561 46.7 3.8 

CO 2,925 6.6 0.5 

NV 2,268 5.2 0.4 

NM 1,111 2.5 0.2 

UT 1,625 3.7 0.3 

Total 31,721 72.1 5.8 
 

Before the Administration finalized the PEIS, BLM reviewed a number of formal protests that 
solar industry groups, environmentalists, tribes, ranchers, and counties have filed opposing 
various aspects of the document. The industry groups argued BLM “arbitrarily and capriciously” 
excluded certain lands from development based on the availability of sunlight, which they 
maintain has no bearing on possible environmental conflicts and errs in assuming where solar 
development will be commercially viable. For their part, the environmental groups raised a 
number of concerns that the variance areas are too sensitive for industrial development, that the 
plan violates federal environmental protection laws and the FLPMA, and that it should only 
allow development on disturbed lands, among other concerns.71  
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3.6 Financial Considerations Impacting CSP 
CSP plants are generally more expensive than other forms of energy because they are capital 
intensive and require greater amounts of material and labor to construct and maintain than other 
forms of electricity generation. For example, as shown in Table 7, the capital costs of CSP with 
storage are $7,100/kW, compared to $1,100/kW for a natural gas combined cycle plant and 
$2,900/kW for PV. In turn, this means that CSP has a higher LCOE at $170–$290/MWh, which 
is significantly higher than natural gas and PV, which have LCOEs of $50–$60/MWh and $100–
$170/MWh, respectively (Table 7).  

Table 7. Estimates of Current Capital Costs and Levelized Cost of Electricity72 

Technology Capital cost ($/kW) LCOE ($/MWh) 

Coal Steam 3,600 60-90 

IGCC with CCS 8,000 120-180 

Natural Gas Combined Cycle 1,100 50-60 

Nuclear 7,500 100-160 

Biomass 4,250 100-130 

Geothermal 5,800 90-130 

Wind 2,000 60-90 

Utility PV 2,900 100-170 

CSP (no storage) 4,900 160-270 

CSP (with storage) 7,100 170-290 
Notes: IGCC=Integrated Gasification Combined Cycle. CCS=Carbon Capture and Storage. 

Despite higher capital costs, CSP plants can provide important, low-cost grid services during 
times of summer peak load. Such services and grid value are not adequately captured by LCOE 
metrics, which do not consider the time-varying value of electricity.73 CSP facilities can meet 
important peak load demands at a lower operational cost than many fossil generators, such as 
natural gas combustion turbines. In addition, CSP facilities can be designed with solar multiples 
(the solar field size as a function of the power capacity cycle) and storage capacities optimized to 
provide the greatest value to the grid, such that CSP with storage can displace more high-cost 
fossil fuel than PV systems by storing solar energy to be used at a time of higher marginal price 
when the sun is not shining.74 Thus, although LCOE metrics indicate CSP plants have higher 
costs than other technologies, they often have a higher value to the grid in terms of displacing 
higher-cost fossil fuels and meeting peak summer loads.  

Through their construction and operations, CSP plants have the potential to provide significant 
economic benefits. A 2006 NREL study found that each 100 MW of installed CSP capacity in 
California results in a $626 million economic impact on California’s gross state output and 
creates 94 permanent operations and maintenance jobs. In comparison, the report found that a 
combined cycle fossil fuel plant generates a $64 million impact on gross state output and creates 
56 permanent jobs per 100 MW, while a similar simple cycle fossil fuel plant generates a $47 
million impact on gross state output and creates 13 permanent jobs. Moreover, the report found 
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that for CSP plants in California, there is a total direct and indirect impact of $1.40 on gross state 
output for each dollar invested compared to $0.90–$1.00 for natural gas plants.75  

Notwithstanding the benefits of CSP, its higher costs compared to other energy sources could 
impede its deployment, at least in the short-term. Natural gas in particular is becoming a more 
common choice for new electric generation facilities, due in part to the fact that it is less carbon-
intensive than other fossil fuel based generating plants, but also because new gas extraction 
technologies, such as hydraulic fracturing, have increased available gas supplies in the United 
States. This in turn has helped drive down the price of natural gas.76 According to the U.S. 
Energy Information Administration (EIA), natural gas prices fell from around $10 per million 
BTUs in 2005 to less the $4 in 2012, with most of the drop taking place shortly before 2010.77 

CSP plants are also facing stiff competition from other renewables, particularly PV systems. 
Unlike CSP, PV systems convert sunlight directly into electricity and therefore require relatively 
little water. They can be built in less time and at a lower cost than CSP plants. 78 Technological 
advances, increases in manufacturing scale and sophistication, and improved installation 
efficiencies have led to rapid declines in the cost of PV.79 For example, some reports indicate that 
the wholesale cost of solar modules dropped 70% between late 2009 and mid-2011 and is 
expected to continue to decline as PV technologies are further refined and improved as they 
are deployed.80  

Given these price declines, current market conditions favor PV over CSP and have prompted 
developers to switch at least 3,000 MW previously planned CSP projects to PV in recent years.81 
In 2011 alone, developers switching four major proposed CSP projects totaling 1,850 MW to 
PV.82 As one research analyst noted, “You can build a PV project all-in and it will cost less 
upfront and cost less ongoing. You will make more money on that project, and so it just makes 
sense to switch it.”83 These factors also make it easier for developers to secure financing for PV 
projects.84  

The Blythe Solar Power Project in California is one notable project to convert to PV. That 
project had originally been planned as a 1,000 MW parabolic trough CSP plant. However, in 
August 2011, the project developers announced that they would use PV for the first 500 MW 
phase of the project. According to one report, the estimated installed cost of the PV panels would 
be approximately $3.40/watt compared to $5.79/watt for the parabolic troughs.85 Subsequently, 
in June 2012, the project developers announced that they would convert the entire project to 
PV.86  

The falling cost of PV has also threatened the viability of some CSP developers. For instance, 
Sterling Energy Systems, the developer of the Imperial Valley Solar Project, filed for bankruptcy 
in 2011, claiming that its CSP technology could not compete with the falling cost of PV. 
Moreover, Sterling’s sister company Tessera Solar sold the Imperial Valley project to another 
developer, who has since indicated that it will change the project’s technology to PV.87  

Another factor to consider when comparing the costs of CSP to PV is that CSP can provide for 
TES while PV does not inherently include any type of storage. Incorporating six hours of TES 
into a CSP facility can increase capital expenditures by as much as 80%, but the LCOE actually 
declines by 1%–5% because electricity generation is greater with TES.88 However, despite the 
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reduction in costs for generation, the initial increase for capital expenditures could serve as a 
barrier to CSP developers in securing funding.  

Nevertheless, given CSP’s higher upfront costs, its ability to store energy may not be a sufficient 
justification for most developers or financial backers to select the technology over PV, at least in 
the short-term. In the words of one expert: “As long as there is cheap natural gas available for 
long-term storage, and smart grid techniques [Demand Response] filling in the short term gaps, 
CSP’s high-energy thermal storage is a solution looking for a problem.”89  

There are a number of factors that could make CSP more cost competitive as compared with 
other energy technologies over the long term. First, even though dry cooling can be more 
expensive, the cost of water in arid areas where supplies are scarce and the added time needed to 
secure water supplies for a wet-cooled system could theoretically exceed the cost savings 
provided by wet cooling technology. Some experts have also argued that wet cooling 
technologies for both solar and fossil fuel electricity plants are generally feasible so long as 
water prices are inexpensive.90 As the cost of water rises due to increasing scarcity and demands 
in the West, it is possible that dry-cooled plants could result in significant cost savings over wet-
cooled plants.91  

Second, CSP is a relatively new technology and is rapidly improving. Because technologies 
generally improve and become cheaper as they are deployed, some experts believe that CSP 
construction will rebound as the technology become less expensive. For example, a 2006 NREL 
report projects that CSP plants installed in 2015 in California may become more competitive 
with, or even equal, the cost of fossil-fuel powered plants due to increased use of the technology 
and experience constructing CSP plants.92 However, these developments require the actual 
construction of CSP plants and the increasing preference of developers to rely on PV or convert 
CSP projects to PV could mean that CSP efficiencies are realized at a slower pace than PV.93 

Third, it is possible that CSP could complement renewable energies like PV and wind. 
According to a 2011 NREL report, PV is hampered by a number of factors, including: (1) 
variability due to the fact that it can only produce power when the sun is shining and may not 
provide power when demand is at its greatest; and (2) conventional power generators have 
limited flexibility to reduce output and accommodate variable power generation from PV. Given 
these two factors, the increased use of PV and wind will require greater grid flexibility to fully 
utilize their variable output. As found in the NREL report, it is possible that CSP projects with 
storage could complement and actually enable increased PV and wind use by providing solar-
generated power when it is cloudy or dark. CSP can also provide greater grid flexibility by 
providing firm system capacity, thereby enabling greater penetration from PV and other variable 
generation sources, such as wind, than would otherwise be available without CSP or other source 
of grid flexibility services.94 As a result, an increase in PV and other variable power generation 
could make CSP both more useful and more valuable.  

Fourth, current cost comparisons between solar and conventional sources of energy can be seen 
as misleading because most of the costs of solar are included in its price, while market prices do 
not always reflect the external costs associated with conventional fossil fuels.95 Specifically, 
energy producers and consumers typically do not pay the various climate and other 
environmental costs that some believe to be associated with fossil fuel production, leaving these 
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costs (e.g., the social cost of carbon) to be paid by society and future generations.96,97 Changing 
perspectives about the environmental and other costs associated with non-renewable energy 
production could theoretically lead to increased public demand for renewable energy, such as 
CSP, notwithstanding its extra costs.  

Fifth, federal, state, and local governments provide a range of subsidies for fossil fuel production 
that lower the cost of these energy sources, including but not limited to tax incentives, direct 
spending, and research and development funds.98,99 Additional research into the level of subsidies 
given for fossil fuel production as compared with renewable energy development could help 
provide insights to policymakers on how best to allocate subsidy funding in the future.  

Sixth, the costs associated with CSP projects are largely fixed and pertain mostly to construction 
and operation costs rather than fuel. In contrast, the costs of a natural gas plant are tied more 
directly to the price of gas. Although natural gas prices are at historic lows, a number of experts 
believe that gas prices will eventually rise, especially if the United States becomes a net exporter 
of natural gas and the price of gas corresponds to global demand, as the International Energy 
Agency (IEA) recently predicted in a 2012 report.100 At the same time, the EIA projects that gas 
prices in 2035 will range from slightly over $8/BTU to around $4/BTU, with the range in prices 
being attributed to the “considerable uncertainty [that] exists regarding the size of the 
economically recoverable U.S. shale gas resource base and the cost of producing those 
resources.”101 If gas prices rise, the costs of operating power plants that rely on natural gas will 
inevitably rise and could make CSP more competitive. Further, uncertainty over fluctuations in 
the price of natural gas or other fossil fuels may increase the competitiveness of fixed-cost CSP 
projects.  

This report does not estimate the likelihood or a specific date of competitive CSP technologies, 
but the six factors described above provide examples of conditions that, if one or more occurred, 
could facilitate more rapid deployment of CSP technologies in the Southwest.  

3.7 Access to Transmission Corridors 
Over the last quarter century, transmission development has lagged behind electricity demand.102 
Thus, the absence of sufficient electric transmission capacity to areas of high renewable potential 
is a principal barrier to CSP development in the Southwest.  

Future energy generation could include larger amounts of electricity produced from renewable 
energy, including CSP. Renewable energy technologies must be located in areas where resources 
are available, which in many cases might be far from load centers and the existing transmission 
system. Consequently, some experts have opined that the West’s current electric transmission 
system is inadequate to transmit energy generated from renewable energy to meet future loads.103 

Delivering CSP-powered generation and other renewable energy sources to major load centers 
could require the construction of long transmission lines that could cross more than one state and 
traverse private and federal land. Capital costs associated with constructing such lines are time-
sensitive and expensive and can be subject to further costs and complications due to a host of 
factors, including but not limited to objections over impacts to sensitive species and habitats, 
land acquisition, and federal and state environmental reviews.104 As one former Arizona regulator 
noted, it is unlikely that a CSP project developer can justify the cost needed to build a 
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transmission line to a single CSP plant.105 Multiple plants in the same area are likely needed to 
justify the costs of building a transmission line.106  

One way CSP developers have attempted to address this challenge is to site projects along 
transmission corridors. For example, a number of developers in California have proposed CSP 
projects along existing transmissions lines to connect to existing lines. However, there is little 
capacity left in these lines and it is uncertain whether such connections are possible.107  

3.8 Wildlife Considerations 
CSP projects have the potential to impact wildlife in a number of ways. Some of these are 
common to all solar technologies, whereas others are pertinent only to CSP. These impacts range 
from creating intense solar fields with enough solar flux to singe and kill birds to accelerated 
habitat loss and related impacts for land-based animals. Although these impacts may be minimal 
in some cases, they do have the potential to impact the suitability of possible CSP sites or 
increase costs for CSP developers, particularly when the affected animals are listed as threatened 
or endangered under the Endangered Species Act (ESA).  

BrightSource Energy’s Ivanpah CSP project in California provides one example of how wildlife 
concerns can impact a project. Located on 3,600 acres of federal land in the Mojave Desert near 
the California-Nevada border, the $2.2 billion, 392-MW power tower plant was declared 
operational at the end of December 2013.108 The project is the largest CSP plant currently 
operating and uses dry cooling technology, and was designed to have a limited impact on the 
underlying land, with the project’s heliostat pylons being inserted directly into the ground with a 
limited amount of grading.109 Although initial surveys found only 17 desert tortoises, which are 
listed as threatened under the ESA, the numbers of tortoises found during construction have been 
much higher and at least 166 adult and juvenile tortoises were collected and housed in holding 
facilities and then translocated to selected off-site areas.110 BLM issued a temporary stop-work 
order in April 2011 for a portion of the project site after construction activities exceeded the 
incidental take limit of 38 tortoises.111 Although construction has since been completed, BLM 
now reports that the project resulted in the relocation of adult tortoises. Additionally, some 
juvenile tortoises were hatched during the captivity of the females and now must be cared for by 
the project owner for a number of years until they are large enough to be translocated off the 
site112 Tortoises outside of the project site will also be affected, primarily from the fencing and 
project construction which could “exclude them from and possibly destroy their home range,” 
while also increasing tortoise density. 113  

Mitigating these types of impacts can delay a project, while also adding to its overall cost. For 
instance, BrightSource has spent $22 million as of March 2012 caring for tortoises found on site, 
including funding for biologist salaries, materials to construct tortoise pens, the creation of a 
“head start” program for young tortoises, fencing, and other work. In addition, BrightSource 
expects to spend up to $34 million meeting the project’s federal and state mitigation obligations, 
which include tortoise habitat restoration, additional fencing, and the minimum purchase of 
7,164 acres of conservation habitat—the equivalent of 2 acres for every 1 acre of development.114  

Like other renewable energy developers, CSP developers could also face litigation over the 
possible wildlife impacts posed by their projects, as shown by a March 2012 lawsuit that three 
environmental groups filed against the federal government, asking it to stop construction of the 
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Calico CSP solar station in San Bernardino County, California, over concerns related to the 
project’s possible impacts on the desert tortoise, the golden eagle, and other protected wildlife.115 

3.9 Impacts to Native American Cultural Resources 
Native Americans have lived in the Southwest for thousands of years and CSP projects that 
disturb large amounts of land can potentially disturb Native American remains, cremation sites, 
artifacts, and other sensitive resources.116 As discussed in greater detail during the Genesis Solar 
Project case study in Section 6.2, Native American artifacts and cultural resources have been 
found on or near CSP construction sites, which has prompted some Native American 
communities to ask that large portions of certain areas be deemed off-limits for plant 
construction. These objections have in turn lead to the temporary suspension of construction 
activities in some cases, while also raising the possibility that some plants may need to be re-
designed or re-sited. As with other large-scale renewable energy projects, these developments 
increase the overall costs of CSP projects and may make certain projects financially infeasible.  
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4 Water and Facility Permitting for CSP Plants 
States are primarily responsible for allocating the water resources within their borders and 
therefore oversee the administration of water rights for CSP projects. Given potential levels of 
CSP deployment in the Southwest and the amount of water needed to operate CSP facilities, 
securing water rights could play a role in determining the viability of future projects.  

Most CSP plants are located in remote desert areas far from surface water sources and population 
centers. This means that groundwater is often the only available or economically feasible water 
source because municipal water supplies are often unavailable and the cost of pumping surface 
water or wastewater over long distances may be prohibitive. In those cases where surface water 
exists, such water is often already appropriated for other uses, which means that CSP developers 
seeking surface water must obtain a “change” or “transfer” of an existing right.  

This section will discuss the water right and facility permitting processes that each of the three 
southwestern states uses when approving water uses for CSP projects. It begins by describing the 
Prior Appropriation Doctrine, which serves as the basis for many of the water right allocation 
decisions in the Southwest and then describes the water and facility permitting processes that 
Arizona, California, and Nevada use for CSP plants. Although this section is focused primarily 
on the water supply aspects of these processes, it does briefly describe some of the water quality 
aspects where appropriate.  

4.1 The Prior Appropriation Doctrine 
The prior appropriation doctrine is the predominant method states in the Southwest use to 
allocate and regulate the use of surface water, although some exceptions apply, particularly in 
California. States define and utilize this doctrine somewhat differently, but certain elements must 
usually exist to constitute a valid appropriation of water, namely: (1) an intent to apply the water 
to a “beneficial use” (e.g., energy development, agricultural, domestic, and other uses);117 (2) an 
actual diversion of water from its source to the place of use; and (3) timely application of the 
water to a beneficial use.118  

One fundamental condition of an appropriative right is the principle of “first in time, first in 
right,” in which the date a water right is established (priority date) determines who receives 
water in times of shortage. Under this concept, water right holders with older priority dates have 
a right to use their full appropriation before junior users with later priority dates. Consequently, 
in times of shortage, senior users will receive their full apportionment while junior users may 
receive no water at all.119  

Another key condition is the principle of “use it or lose it,” which requires water right holders to 
use water as prescribed or lose all or part of the right to its use through abandonment, forfeiture, 
or prescription.120 After water is lost, it returns to the public domain to be appropriated for 
another’s use.121  

Notwithstanding the prevalence of the prior appropriation doctrine as applied to surface waters in 
the Southwest, Arizona and California use different mechanisms to allocate groundwater. This is 
significant given that most CSP plants rely on groundwater rather than surface water. These 
approaches are discussed in greater detail below.  
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4.2 Arizona 
The key Arizona agencies responsible for overseeing the water-related aspects of CSP 
development are the Arizona Department of Water Resources (ADWR), which administers 
waters rights; the Arizona Department of Environmental Quality (ADEQ), overseeing water 
quality; and the Arizona Corporation Commission (ACC), the state’s utility commission.  

4.2.1  Water Rights Permitting 
Arizona’s Water Code has adopted the doctrine of prior appropriation for surface water and 
recognizes energy production as a beneficial use.122 However, Arizona’s water system is 
bifurcated between surface water and groundwater, and different permitting requirements may 
apply depending on the water source.123 Under Arizona’s Surface Water Code, a person must 
obtain a permit from ADWR to make a new appropriation of surface water, other than Colorado 
River water. As explained below, approval from ADWR is also required to sever an existing 
surface water right from the land to which it is appurtenant and transfer the right to a new place 
of use, which may include a new type of use. A person may use mainstream Colorado River 
water only pursuant to a right established before 1968 or a contract with the Secretary of the 
Interior through the U.S. Bureau of Reclamation. The use of Central Arizona Project (CAP) 
water requires a sub-contract with the Central Arizona Water Conservation District.124 

Under Arizona’s Groundwater Code, the extent to which groundwater is regulated depends on 
the area of the state in which the groundwater is withdrawn. The most extensive regulation 
occurs in the five areas of the state designated as Active Management Areas (AMA). In those 
areas, with certain exceptions for small non-irrigation wells, a person can withdraw groundwater 
only if the person holds a grandfathered groundwater right or obtains a groundwater withdrawal 
permit from ADWR. In all areas of the state, wells must be registered with ADWR and new well 
construction must comply with ADWR’s well construction standards. 

Effluent (treated municipal waste water) is not regulated under Arizona’s statutes, except that it 
cannot be used to irrigate agricultural lands in an AMA or Irrigation Non-Expansion Area (INA) 
that were not irrigated at some time between 1975 and 1980. A person who produces effluent 
may use the effluent or sell it to another person. Although effluent use is not regulated by 
ADWR, it must be put to a reasonable and beneficial use. 

Under Arizona’s Underground Storage and Recovery statutes, effluent and surface water, 
including Colorado River Water, may be stored underground and recovered at a later date within 
the same AMA or groundwater basin in which it is stored. Permits from ADWR are required to 
construct and operate an underground storage facility and to store water at the facility. A permit 
from ADWR is also required to recover the water through a recovery well. Surface water, other 
than Colorado River water, must be recovered within the same year in which it was stored. 
ADWR issues long-term storage credits for the storage of effluent and, with certain exceptions, 
Colorado River water. A person who holds long-term storage credits may recover the stored 
water at any time. Long-term storage credits may be assigned to another person, with certain 
exceptions. 
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4.2.1.1 Surface Water 
The prior appropriation doctrine applies to surface water rights in Arizona, and ADWR is 
responsible for processing applications as appropriate.125 Currently ADWR does not have 
specific requirements for applications to appropriate water for CSP. However, there are specific 
requirements for applications to appropriate water for hydropower generation purposes, which 
may be a good guideline for future CSP applications. These requirements include: “the nature of 
the works by which power is to be developed, the pressure head and amount of water to be 
utilized, the points of diversion and release of the water and the uses to which the power is to be 
applied.”126 The application must also include maps, drawings, and other specified information.127  

If the CSP facility plans to build a reservoir, the application must also describe “the dimensions 
and description of the dam, the capacity of the reservoir for each foot in depth, the description of 
the land to be submerged and the uses to be made of the impounded waters.”128 Moreover, such 
reservoirs generally must comply with the state’s dam safety statutes if their storage capacity will 
be more than 50 acre-feet or if the height of the artificial barrier will exceed 25 feet in height, 
with certain exceptions.129  

In reviewing applications to appropriate water for a CSP project, ADWR will consider whether 
the proposed water use for the CSP project “conflicts with vested rights, is a menace to public 
safety, or is against the interests and welfare of the public.”130 Again, there are no specific 
requirements for CSP, but the requirements for hydropower may serve as a guideline for future 
CSP applications. Once ADWR grants the permit application and the water is put to beneficial 
use, the CSP project will be eligible to obtain a certificate for the right to use water for power 
development for 40 years from the application date, with a preferred right of renewal.131 In 
addition, if the CSP project plans to generate hydroelectric energy in excess of 25,000 
horsepower (18.64 MW), the project must be authorized through an act of the Arizona 
Legislature.132  

In most areas of Arizona, un-appropriated water is unlikely to be available, and CSP plants will 
need to acquire existing water rights. To change the type of use and the place of use to a CSP 
plant for power purposes, the project developer must submit an Application to Severance and 
Transfer with ADWR, and the application will move through a number of administrative steps 
that involve public notice and the possibility of an administrative hearing.133 In addition to 
ensuring that the application will not impair existing water rights, ADWR will also review the 
application to ensure that the underlying right has been lawfully perfected and has not been 
forfeited or abandoned. In no event shall the water diverted or used after the transfer exceed the 
vested rights existing at the time of the severance and transfer.134 Of note, certain severance and 
transfer applications may also require approval from irrigation districts, agricultural 
improvement districts, or water user associations if the water right is severed or transferred from 
lands within such entities or within a watershed or drainage area that contributes water for the 
irrigation of lands within those entities.135  

4.2.1.2 Colorado River Water 
Different requirements apply to the use of surface water allocated to Arizona from the Colorado 
River. Pursuant to the Boulder Canyon Project Act (BCPA) of 1928, persons must obtain 
authority to use Colorado River water from the Secretary of Interior through the U.S. Bureau of 
Reclamation.136 ADWR will make a recommendation to the Secretary regarding the allocation of 
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water from the Colorado River, including transfers of mainstream Colorado River contracts, and 
the Secretary makes the final decision regarding whether to approve the use after considering 
ADWR’s recommendation. ADWR also makes recommendations to the Secretary on proposed 
transfers of CAP subcontracts.137 The conditions to use the Colorado River water from the CAP 
are contained in subcontracts between the Central Arizona Water Conservation District, the 
Secretary of Interior, and the subcontractor.138 

4.2.1.3 Groundwater Uses Within Active Management Areas  
In order to place Arizona’s groundwater rights permitting process in its proper context, some 
background regarding the state’s Groundwater Management Act (GMA)139 and AMAs is 
necessary.140 Arizona passed the GMA in 1980 to address groundwater overdraft in the state’s 
most populated areas. The GMA designated four areas of the state as AMAs and established 
management goals for groundwater use in those areas. In 1995, one of the AMAs was divided 
into two AMAs, resulting in five AMAs today—the Phoenix, Pinal, Prescott, Santa Cruz and 
Tucson AMAs. With the exception of the Pinal AMA, the management goal for each AMA is to 
achieve safe yield by 2025 or to maintain a safe-yield condition.141 The statutes and rules 
governing water use in each AMA contain various provisions aimed at managing excessive 
groundwater pumping and achieving the AMA’s management goal.142  

 

 
Figure 9. AMAs in Arizona143 

The GMA governs groundwater use within AMAs. All wells within the state, including wells 
within AMAs, are required to be registered with ADWR. Entities seeking to use groundwater 
within an AMA from a well with a maximum pumping capacity in excess of 35 gallons per 
minute (gpm) must secure a groundwater right. Wells with a maximum pumping capacity of 
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35 gpm or less are generally exempt from the requirement to obtain a water right, but a Notice of 
Intention to Drill (NOI) must be filed with ADWR before drilling the well. To pump 
groundwater from a non-exempt well in an AMA, a CSP developer must secure one of the 
following forms of groundwater withdrawal authority: 144  

• Grandfathered Groundwater Rights (GFRs):  

o Irrigation GFR (IGFR): An IGFR confers the right to irrigate specific acres of 
land within an AMA that were irrigated at some time between 1975 and 1980. 
CSPs would be considered non-irrigation uses and could not legally be served by 
an IGFR. However, subject to certain conditions, an IGFR can be retired and 
converted to a Type 1 non-irrigation GFR pursuant to Section 45-469 of Arizona 
Revised Statutes.145  

o Type 1 Non-Irrigation GFRs: A Type 1 non-irrigation GFR is associated with 
land that has been permanently retired from farming and converted to non-
irrigation use, such as an industrial plant. As with IGFRs, a Type 1 non-irrigation 
GFR can only be conveyed with the underlying land and is limited to a maximum 
water duty of 3 acre-feet of groundwater per acre of retired farmland.146 As Figure 
6 in Section 2 highlights, wet-cooled CSP projects often require around one acre-
foot of water per acre per year. 

o Type 2 Non-Irrigation GFRs: Type 2 non-irrigation GFRs were granted to 
existing commercial and industrial users of groundwater at the time of passage of 
the GMA. These rights can only be used for non-irrigation purposes and have a 
maximum volume equivalent to the maximum amount of groundwater pumped in 
any one year between 1975 and 1980. Type 2 non-irrigation GFRs are personal 
property and do not belong to the land on which the original use occurred. 
However, they can be used only in the AMA in which the original use occurred. 
They can be attached to existing non-exempt wells throughout the AMA or can 
serve as the withdrawal authority for a new well in the AMA, subject to approval 
of a well impact analysis. Any portion of a Type 2 non-irrigation GFR can be 
leased, but a sale of the right must include the entire right.147  

• Groundwater Withdrawal Permits:  

o General Industrial Use (GIU) Permit: A person can apply to ADWR for a GIU 
permit to pump groundwater in an AMA for a non-irrigation use from a well or 
wells located outside of the exterior boundaries of the service area of a city, town, 
or private water company. ADWR must grant the permit if the applicant 
demonstrates that it has been unable to secure water from all other potential 
sources (e.g., it does not own a GFR and does not have direct access to effluent or 
Central Arizona Project (CAP) water, and, if it is within 3 miles of the exterior 
boundaries of a municipal water provider, service has been denied by the 
provider) and that there is an assured water supply for the intended use at the 
proposed point of withdrawal for the term of the use. A GIU permit may be 
granted for up to 50 years and an application for renewal can be submitted and 
renewed under the same criteria used in granting the original permit. However, if 
ADWR determines that other types of water (e.g., CAP water or effluent) are 
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available at a cost comparable to groundwater, it might require the GIU permittee 
to use such water in lieu of groundwater.148 

ADWR imposes conservation requirements on groundwater uses within AMAs through a series 
of Management Plans. Power plants built after 1984 and that use groundwater are required to 
achieve 15 cycles of concentration of the recirculating cooling water before blowing down their 
cooling tower water.149 These requirements apply to facilities that use any amount of 
groundwater, but do not apply to facilities that are served entirely with surface water, including 
Colorado River water, effluent, or both.150  

4.2.1.4 Groundwater Uses Within Irrigation Non-Expansion Areas  
In addition to creating AMAs, the GMA also led to the creation of three irrigation non-expansion 
areas (INAs). INAs are designated areas in rural parts of the state where the irrigation of new 
lands is prohibited. In an INA, only acres of land that were legally irrigated at any time during 
the 5 years preceding the establishment of the INA may be irrigated with any water. Entities 
seeking to withdraw groundwater from an INA must submit an NOI to ADWR before drilling a 
well.151 In an INA, persons withdrawing groundwater for an irrigation use on more than 10 acres 
and persons withdrawing more than 10 acre-feet of groundwater per year from a non-exempt 
well for a non-irrigation use must install a water-measuring device on their well. All persons 
withdrawing groundwater from a non-exempt well in an INA, except for persons withdrawing 
groundwater for the irrigation of 10 or fewer acres, must file an annual water use report 
with ADWR.152 

4.2.1.5 Groundwater Uses Outside of AMAs and INAs 
Groundwater withdrawals outside of an AMA and INA do not require a permit from ADWR, but 
the water use must be reasonable and beneficial.153 In addition, anyone installing a well must file 
an NOI with ADWR before drilling the well, and the well must be drilled in compliance with 
ADWR’s well construction standards.154  

4.2.1.6 Groundwater Transportation Restrictions  
With certain exceptions, the GMA prohibits the transportation of groundwater between 
groundwater basins outside of an AMA.155 In addition, the GMA generally prohibits the 
transportation of groundwater from a groundwater basin outside of an AMA into an AMA.156 
There are some exceptions that would allow groundwater to be transported into an AMA from 
the McMullen Valley groundwater basin, the Butler Valley groundwater basin, the Big Chino 
sub-basin of the Verde River groundwater basin, or the Harquahala INA. However, in most 
cases, the exceptions are limited to uses by the state or a political subdivision of the state.157  

4.2.1.7 Effluent 
Under Arizona law, effluent generated by a wastewater treatment plant is owned by the entity 
that generates it.158 The owner may put the effluent to beneficial use, abandon it into a surface 
water channel, in which case it would be subject to appropriation as surface water, or convey it 
to another entity for beneficial use. Thus, a CSP plant can purchase effluent water from the 
owner before it is abandoned into a stream channel. 159  

Additionally, if the effluent is put to a beneficial use within an AMA, the owner would be 
exempt from industrial conservation requirements, as long as no groundwater is used.160 
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However, if the power plant has a generating capacity of 25 MW or larger, the state could 
require wet recirculating systems with cooling towers to cycle water through the cooling loop at 
least 15 times before discharge.161  

In lieu of direct use, effluent can be stored underground (recharged) and recovered anywhere in 
the same AMA or groundwater basin. Permits must be obtained from ADWR to store and 
recover any water, including effluent. An aquifer protection permit must also be obtained from 
the ADEQ in order to store effluent underground. Recovery can be within the year of storage 
(Annual Storage & Recovery)162 or pursuant long-term storage credits earned in prior years.163  

4.2.1.8 CAP Water 
CSP developers in an AMA may be able to directly use CAP water. As with effluent, such use is 
exempt from compliance with mandatory industrial conservation requirements if no groundwater 
is used. 164  

Developers can also pursue underground storage and recovery of CAP water through ADWR’s 
Underground Water Storage and Recovery Program. Storage must occur in either an 
Underground Storage Facility (USF) or a Groundwater Savings Facility (GSF) permitted by 
ADWR. If entities seeking to earn or purchase CAP storage credits are withdrawing groundwater 
during the year of storage, some statutory restrictions may apply to the accrual or acquisition of 
the CAP storage credits. Recovery Well Permits are required to legally withdraw the stored 
water. If the recovery is from wells located outside the area of hydrologic impact (AOI) of the 
USF or GSF, an impact analysis is required to ensure that the recovery of stored water does not 
unreasonably damage surrounding land and other water uses. In an AMA, recovery of the stored 
water outside of the AOI could be prohibited if the local average annual groundwater decline is 4 
feet or more.165 In addition, if the stored water will be recovered within the service area of a city, 
town, private water company, or irrigation district, consent of the water provider would be 
required.166 

4.2.2 Arizona Department of Environmental Quality  
ADEQ is responsible for overseeing the water quality-related impacts associated with CSP 
development. In general, CSP developers will need to obtain a National Pollutant Discharge 
Elimination System (NPDES) permit if the plant discharges into surface waters subject to the 
federal Clean Water Act (CWA). Such permits are intended to ensure that discharges to surface 
waters do not adversely affect the quality and beneficial uses of such water.167 Arizona has 
delegated authority from the Environmental Protection Agency (EPA) to operate the NPDES 
program within its borders. Developers seeking to discharge must obtain an Arizona Pollutant 
Discharge Elimination System (AZPDES) permit from ADEQ.168  

4.2.3 Arizona Corporation Commission  
In addition to obtaining the necessary water rights, a CSP project may also need to obtain a 
Certificate of Environmental Compatibility (COEC) from the ACC. The ACC is Arizona’s 
public utilities commission and is responsible for approving thermal, utility-scale (<100 MW) 
power projects.169 Applications for a COEC are reviewed first by the ACC’s Power Plant and 
Transmission Line Siting Committee, which consists of members appointed by the ACC and 
various state agencies, including ADWR and ADEQ.170  
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For plants located within the service area of a city or town in an AMA, the committee must 
consider “the availability of groundwater and the impact of the proposed use of groundwater on 
the management plan ... for the active management area.”171 In addition, ADWR’s representative 
on the committee will typically take the lead in evaluating the plant’s potential adverse impacts 
on the proposed water source, while the ADEQ representative will consider potential adverse 
impacts to water quality. Although the committee is not required to evaluate water use for plants 
located outside of an AMA, it generally considers water rights, water availability for the life of 
the power plant, and the environmental effects of groundwater pumping around the plant. The 
committee may also ask about planned water sources and whether alternative cooling 
technologies or water sources are available for plants located within and outside of AMAs and 
INAs. Based on this information, as well as the plant’s feasibility and potential economic and 
environmental impacts, the committee will issue a recommended COEC.172  

The ACC reviews the COEC application to balance the state’s need for energy and the 
environmental impacts of the project, including impacts to water supply, water quality, wetlands, 
and ecological resources. It places the burden on the applicant to prove that the proposed water 
supply is sustainable and also to establish how the project will mitigate the water quality impacts, 
if any. Nevertheless, the ACC does not collect or review additional water data. Once the CSP 
project obtains the COEC, the next step is to submit an application for any necessary water rights 
or water use permits to ADWR and for water quality permits to ADEQ.173  

4.2.4 State Actions Regarding the Use of Water for Power Plant Cooling 
Arizona has not adopted a policy or preference prohibiting the use of wet-cooled CSP plants. 
However, the ACC evaluates each project on a case-by-case basis and may place additional 
scrutiny on new wet-cooled projects given efforts in California and Nevada to limit wet cooling 
within their borders.174  

In addition, Arizona decision makers have discussed possible limits on wet-cooled CSP plants on 
at least one occasion. In 2010, former ACC Chair Kristin Mayes wrote a letter to her fellow 
commissioners identifying a “need to examine water use by all generation sources is also likely 
to be heightened by climate changes.”175 Mayes suggested that the ACC consider adopting a 
“moratorium” for future generation projects using wet cooling technologies or “encourage the 
most appropriate use of water by new concentrating solar technologies.”176 Although the ACC 
ultimately did not adopt such a moratorium,177 it later amended the certificate of approval for the 
proposed Hualapai Valley Solar project to prohibit the use of groundwater at the plant and 
require the use of effluent from the nearby City of Kingman or employ dry or hybrid cooling 
technology.178 As discussed in the case study section below, the decision marked the first time 
the ACC prohibited the use of groundwater for a solar power plant.179 

4.3 California 
The main agencies involved in the process of approving water rights and uses for CSP plants in 
California are the State Water Resources Control Board (SWRCB) and the California Energy 
Commission (CEC). The board is responsible for the water rights and water quality functions of 
the state, while CEC is the lead agency responsible for overseeing the siting of new thermal 
power plants 50 MW and larger.180  
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As discussed below, the SWRCB has jurisdiction over certain types of surface waters but does 
not have jurisdiction over percolating groundwater. Because most CSP plants rely on percolating 
groundwater not subject to statewide permitting requirements, the SWRCB plays a relatively 
minor role in the permitting for most CSP plants in California.181 Thus, in most cases, CEC and 
BLM play the primary role in approving CSP projects, including the feasibility of alternative 
water sources and cooling technologies as well as impacts to water resources.182  

4.3.1 Water Rights 
Though not common, if a CSP project intended to use surface water, it would be required to 
apply for a water right permit from the SWRCB.183 Water in California falls under a number of 
categories: surface water, percolating groundwater, and “subterranean streams.” Under 
California law, only certain types of surface water and subterranean streams require a permit 
from the SWRCB, while common law governs the remaining categories. California also 
recognizes power generation as a beneficial use.184  

4.3.1.1 Surface Water – Appropriative Rights 
California recognizes two types of appropriative surface water rights. The first, known as pre-
1914 rights, were developed in the early 1900s as farmers, miners, and others took control of and 
used the water they needed. These rights predated California’s current permitting system, and the 
California Water Code allows the holders of such rights to change their purpose or place of use 
without filing an application with the SWRCB, but the change must not injure other water 
rights.185 

The second type of appropriative water rights are known as post-1914 rights and were 
established after the creation of California’s current permitting system under the Water 
Commission Act of 1914. Applicants seeking to appropriate or transfer these rights must file an 
application with the SWRCB, which will assess the application to ensure that it will not injure 
other water right holders or unreasonably affect fish, wildlife, or other instream uses. Besides the 
beneficial use proposed, the SWRCB will also evaluate the relative benefits derived from such 
use, possible water pollution, and water quality. Then, the SWRCB will subject the project to 
public notice and protests from interested individuals or groups. A water right permit is issued 
once the protests are resolved or dismissed or when the SWRCB approves the application after 
conducting a hearing.186  

Post-1914 right holders may change the point of diversion, place of use, or purpose of use 
subject to the SWRCB’s approval, which may include public notice and a hearing. Such transfers 
must not injure other water rights or unreasonably affect fish, wildlife, or other instream 
beneficial uses.187 In addition, surface water transfers wheeled through state or local conveyance 
facilities must not unreasonably affect the environment or economy of the county of origin.188 
The permanent sale of a surface water right—as well as multi-year leases—is also subject to the 
California Environmental Quality Act (CEQA), which requires mitigation of environmental 
impacts. A similar review and approval process applies to temporary transfers of one year 
or less.189  
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4.3.1.2 Surface Water – Riparian Rights  
California also recognizes riparian rights that were established prior to its recognition of prior 
appropriation rights. Riparian rights do not require a permit from the SWRCB. Instead, they arise 
from the lands adjoining the water body from which they are drawn and must be used on those 
lands. They cannot be transferred to another parcel of land, are not created by use or lost through 
non-use, and do not require permits, licenses, or government approval.190 Importantly, riparian 
right holders have a higher priority than appropriative rights but have the same priority amongst 
themselves, which means that in times of drought or water shortage, riparian right holders on the 
same stream must reduce their usage and share the remaining available supply according to their 
needs.191 Because most CSP plants are located in remote deserts far from rivers and streams, 
riparian rights play a minor role in CSP development.  

4.3.1.3 Groundwater 
The SWRCB’s authority to issue permits and licenses for the appropriation of underground water 
only extends to “subterranean streams flowing through known and definite channels.”192 
California uses the following elements to determine whether underground water qualifies as a 
“subterranean flow:” (1) a subsurface channel must be present; (2) the channel must have 
relatively impermeable bed and banks; (3) the channel course must be known or capable of being 
determined by reasonable inference; and (4) groundwater must be flowing in the channel. 193 
Underground water that satisfies these conditions are relatively rare but are subject to the same 
permit requirements as surface water.194  

However, California does not have a statewide permitting system for underground water that 
does not flow in a subterranean stream, such as water percolating through a groundwater basin. 
Land owners have a first right to withdraw percolating groundwater for reasonable beneficial use 
on their overlying lands without acquiring a permit from the SWRCB.195 The right of each owner 
is equal and correlative to the right of other owners similarly situated, and available water 
supplies must be equitably apportioned among users during times of shortage.196 However, 
percolating groundwater use is subject to regulation in some basins pursuant to court decrees that 
adjudicated groundwater rights in those basins.197 

4.3.1.4 Effluent  
The California Water Code recognizes cooling for thermal electric power plants as a beneficial 
water use for wastewater.198 The SWRCB and nine Regional Water Quality Control Boards 
(RWQCB) oversee the water quality and quantity aspects of water reuse under the California 
Water Code. California permits recycled water activities from public entities and some private 
sources by issuing waste discharge requirements, individual water recycling requirements 
(WRRs),199 Master Reclamation permits, or under SWRCB’s statewide general permit. The 
Regional Water Boards determine which type of permit to issue depending on the project type, 
user type, and application area. They also consult with the California Department of Public 
Health when issuing WRRs, which contain public-health-related requirements.200  

4.3.1.5 Public Trust Doctrine 
The Public Trust Doctrine sets forth the principle that certain resources that are too valuable to 
be owned privately and that government should maintain them for the public good. The doctrine 
has been most often invoked with respect to land access and use, particularly access to seashores.  
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In 1983, the California Supreme Court indicated a willingness to apply the doctrine to water 
appropriations in National Audubon Society v. Superior Court. Also known as the “Mono Lake 
Case,” the case focused on whether appropriative water rights should consider the public trust 
doctrine and addressed claims from an environmental group that water diversions for the City of 
Los Angeles were harming Mono Lake in violation of the doctrine. The court ruled that the lake 
is a public trust resource and that the doctrine “prevents any party from acquiring a vested right 
to appropriate water in a manner harmful to the interests protected by the public trust.”201 At the 
same time, the court recognized that the diversions were critical to Los Angeles’ water supply 
and ruled that the state may approve diversions that are harmful to the public trust but “must bear 
in mind its duty as trustee to consider the effect of the taking on the public trust…and to 
preserve, so far as consistent with the public interest, the uses protected by the trust.”202 
Ultimately, the decision required the state to consider the public trust when administering water 
rights and reviewing water rights applications, finding that the doctrine and the appropriative 
water rights system are “parts of an integrated system of water law” and that the state has 
continuing “sovereign power” to protect public trust uses.203  

4.3.2 SWRCB and Regional Water Boards – Water Quality  
The SWRCB operates under authority from EPA to implement the CWA and under state 
authorities to protect water quality and ensure that the state’s water resources are put to 
beneficial use. The Regional Water Boards have delegated responsibility to implement statewide 
water quality policies and control plans, including the establishment of waste discharge 
requirements (WDRs). WDRs for surface water discharges also serve as NPDES permits. The 
SWRCB and RWQCB have developed statewide and region-wide general NPDES permits to 
cover multiple facilities within a specific category. A project owner applies for coverage and 
reports on compliance with the requirements under these permits. The use of general permits 
allows the SWRCB and RWQCB’s to allocate resources in a more efficient manner and provide 
timely coverage for large numbers of facilities in the same category. In some cases a permit 
specifically tailored to an individual facility is required.204  

Of note, the SWRCB establishes statewide water quality policies and regulations, and the 
Regional Water Boards monitor and enforce state and federal plans, polices, and regulations. 
Each Regional Water Board also makes water quality decisions for its region in addition to 
issuing WDRs, including determining compliance with WDRs and taking appropriate 
enforcement actions.205  

4.3.3 The California Energy Commission  
CEC is California’s primary energy policy and planning agency206 and plays the most prominent 
role in permitting most CSP projects in California. CEC has a one-stop permitting process, and 
its permit is in lieu of all other local, state, and federal permits to the extent allowed by federal 
law. CEC is responsible for the environmental review and certification of solar thermal power 
plants that are 50 MW and larger under its state-certified regulatory program that incorporates 
CEQA.207 CEQA requires state and local agencies to assess and identify the environmental 
impacts of their permitting actions that may require an environmental impact report (EIR).208 
However, CEC’s certified regulatory program exempts it from preparing a standard EIR for 
power plants and their associated linear facilities, such as transmission, gas, and water lines,209 
but requires it to prepare a Staff Assessment (SA), which includes an analysis and documentation 
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of the environmental and engineering impacts, alternatives, mitigation measures, and conditions 
of certification for the project.210  

CEC’s review process begins when the applicant files an Application for Certification (AFC).211 
After CEC conducts a data adequacy review and determines the AFC to be complete, the agency 
has 12 months to render a final decision.212 When CEC determines that the AFC contains 
sufficient information, it appoints a committee of two commissioners to oversee the formal 
certification process,213 which involves staff conducting multiple publicly noticed workshops 
during its independent discovery and analysis. The staff is an independent party to the 
proceeding along with the applicant and any intervenors. The staff’s assessment is filed as its 
expert sworn testimony subject to cross examination in an adjudicatory process with public 
participation.214 Public comments will not be considered formal evidence unless citizens and 
organizations become parties in the process by requesting intervenor status.215 The committee 
will render a Presiding Member’s Proposed Decision based upon the evidentiary record and 
make a recommendation to the full commission.216 Once the committee submits the 
recommendation, the full CEC can accept, reject, or modify it at a public hearing.217  

As part of this process, CEC staff will analyze a number of factors, including the effects of the 
project’s proposed use of water on the environment and other water users, the water supply 
access for the plant throughout the life of the project, and the impacts on the proposed water 
source.218 Among other things, staff also reviews: (1) the feasibility of alternative water sources 
and cooling technologies; (2) the impacts on water quality and wastewater disposal; and (3) the 
granting of required water supply agreements.219 After such review, staff may recommend water 
use mitigation measures if necessary.220  

In reviewing a proposed plant’s water use, CEC will evaluate several sources of data, including 
water availability and quality data from the California Department of Water Resources, U.S. 
Geological Survey (USGS) streamflow data, SWRCB data on surface and groundwater quality, 
and computer models. CEC will also coordinate with the SWRCB and RWQCB’s regarding the 
issuance of water quality permits.221  

Because the majority of proposed CSP projects in California are on federal lands managed by 
BLM, such projects are subject to both CEC and BLM jurisdiction. As discussed in greater detail 
below, such applicants need a right-of-way grant from BLM, which means that projects sited on 
federal land require compliance with both CEQA and NEPA requirements. To expedite the 
environmental review and permitting process and avoid duplication, CEC staff and BLM entered 
into a memorandum of understanding in 2007 (2007 MOU) to provide a joint NEPA and CEQA 
review of utility-scale solar and renewable energy projects under their jurisdictions. Under the 
agreement, CEC plays the primary role and collaborates with BLM to ensure that NEPA 
requirements are satisfied.222  

4.3.4 State Actions Regarding the Use of Water for Power Plant Cooling 
The regulatory climate in California has shifted away from using freshwater sources for power 
plant cooling purposes to dry cooling and wastewater. In 1975, the SWRCB adopted Resolution 
No. 75-58 regarding the use and disposal of inland waters used for power plant cooling. The 
resolution encourages the use of wastewater for power plant cooling purposes and sets forth the 
following order of preferences: (1) wastewater being discharged to the ocean; (2) ocean water; 
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(3) brackish water or irrigation return flows; (4) inland waste water of low total dissolved solids; 
and (5) other inland waters. The criteria for the selection of water delivery options also involves 
consideration of economic feasibility, engineering constraints, and environmental considerations, 
including impacts on groundwater levels, riparian habitat, and surface and subsurface water 
quality.223 The SWRCB also adopted a policy in 2010 establishing much stricter standards for 
new and existing power plants that use once-through cooling to protect marine life. As a result 
once through cooling for coastal power plants is being phased out.224 While the policy has no 
direct impact on CSP plants, which are generally located away from the coast, it further indicates 
California’s shift toward dry cooling and other more water efficient cooling technologies.225  

CEC reiterated certain principles from Resolution No. 75-58 as part of its 2003 Integrated 
Energy Policy Report, which states that it will approve the use of fresh water for cooling 
purposes only where alternative water supply sources, alternative cooling technologies, and 
“zero-liquid discharge” technologies are “environmentally undesirable” or “economically 
unsound.”226 As discussed in greater detail in the case study section below, the CEC committee 
that conducted the final review of the Genesis Solar Energy project found these and other 
policies had the effect of requiring groundwater-using energy projects to use the “least amount of 
the worst available water.”227  

In 2008, California and the Department of Interior formed a Renewable Energy Action Team 
(REAT) to facilitate permitting issues with specific renewable energy projects in California. The 
team consists of representatives from CEC, the California Department of Fish and Wildlife, the 
California Natural Resource Agency, BLM, and the U.S. Fish and Wildlife Service.228  

In September 2009, REAT issued draft interim guidance for desert renewable energy project 
development that set forth recommended actions intended to help developers create project 
proposals that could be processed in an efficient and expedient manner.229 One recommendation 
on ways project developers could avoid delays stated: “The project will not use fresh ground 
water or surface water for power plant cooling.”230 REAT subsequently issued a best 
management practices and guidance manual in 2010 that tightened up this recommendation, 
stating that such projects “will use air-cooling technologies for thermal power plant cooling.”231 
The document further stated that if this and the other recommendations were not addressed, “it is 
very likely that environmental review and decision-making will take additional time.”232  

Of further note, Secretary of the Interior Ken Salazar and Governor Arnold Schwarzenegger 
signed a memorandum of understanding (2009 MOU) in October 2009 that established a 
collaborative model in which Interior and California would work together to spur the 
development of environmentally appropriate renewable energy on public lands in California 
through expediting project review and stimulus funding from ARRA.233 Among its major 
provisions, the agreement builds upon REAT and sets forth a process to develop a strategy to 
identify suitable areas for CSP and other renewable energy development. It was also intended to 
prioritize application processing for solar development.234 

4.4 Nevada 
In Nevada, the major agencies involved in the water-related aspects associated with CSP projects 
are the State Engineer, Nevada Division of Environmental Protection (NDEP), and the Public 
Utilities Commission of Nevada (PUC). The State Engineer administers water rights, NDEP 
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regulates water quality, and the PUC is responsible for overseeing final power plant approval for 
certain renewable utility facilities.  

4.4.1 Surface and Groundwater Rights 
Nevada’s water law system is based on the doctrine of prior appropriation, which applies to both 
surface and groundwater.235 All water within Nevada’s boundaries, whether above or beneath the 
surface of the ground, belongs to the public236 and is subject to appropriation for beneficial use.237 
The Nevada Division of Water Resources, through the State Engineer, is responsible for 
administering and enforcing Nevada water law, including surface and groundwater.238 Of note, 
the majority of Nevada’s in-state power generation relies on groundwater for cooling purposes.239  

CSP developers seeking to appropriate new water rights must apply for surface and groundwater 
rights from the State Engineer. If the State Engineer determines water is available for 
appropriation, he will consider whether the proposed use will conflict with existing water rights 
or domestic wells and whether the use of the water is in the public interest.240 The permitting 
process to obtain surface water rights is somewhat similar to the process to obtain groundwater 
rights as well as the process to transfer existing surface and groundwater rights.241  

For power purposes, permit applications must describe “the vertical head under which the water 
will be applied, the location of the proposed powerhouse, and, as near as may be, the use to 
which the power is to be applied.”242 The application is also limited to water for no more than 
one source to be used for no more than one purpose.243 

Once complete, notice of the application is published in a newspaper of general circulation for 
approximately 30 days.244 Within 30 days after the last day of publication, interested parties may 
file a formal protest explaining their objections and requesting denial of the application or other 
appropriate actions by the State Engineer.245 After the protest period expires, the application is 
ready for action by the State Engineer, who has discretion to hold a hearing prior to any 
decision.246 If the State Engineer denies the application, the applicant may appeal the decision in 
the appropriate court of jurisdiction within 30 days after such denial.247 If the water permit is 
approved, the applicant may initiate the work to divert and use the water established as the 
beneficial use.248 

Nevada law also authorizes the State Engineer to approve applications to use water to generate 
energy for export if it is in the public interest and the economic welfare of the State of Nevada 
and the water is put to a beneficial use.249 Also, the State Engineer has authority to require 
hydrological, environmental, or any other studies that it deems necessary prior to final 
determination of an application.250  

In light of Nevada’s arid climate, inter-basin transfers have been approved since 1873.251 To 
approve an inter-basin transfer, the State Engineer must consider: (1) whether the applicant has 
justified the need to import the water from another basin; (2) whether a conservation plan has 
been adopted and carried out; (3) whether the proposed action is environmentally sound; and (4) 
whether it is an appropriate long-term use that will not unduly limit the future growth and 
development in the basin and any other factor(s) he determines to be relevant.252 Applicants may 
also work with counties from which the water would be transferred to develop a plan to mitigate 
adverse economic impacts or to impose an annual fee on the water transferred.253   
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4.4.2 Effluent 
Appropriation of effluent water (wastewater) for a beneficial use may be authorized254 if it is not 
contrary to the public health, safety, or welfare, and it does not interfere with federal obligations 
to deliver water of the Colorado River.255 NDEP must issue a permit for the use of treated 
effluent. As part of the permitting process, permittees must submit for review and approval an 
effluent management plan. State regulations also recognize five reuse categories for “approved 
uses” of treated effluent, each of which contains different requirements for bacteriological 
quality.256  

4.4.3 Public Utilities Commission of Nevada  
CSP developers must also obtain approval from the PUC, which oversees final power plant 
approval for renewable utility facilities greater than 70 MW257 under the Utility Environmental 
Protection Act.258 Even if the CSP developer has obtained a water permit, water use could play a 
role in the PUC review process if mitigation actions are necessary to control the environmental 
effects of the plant’s use of the cooling water or technologies.259 The PUC can also consider the 
effect of dry cooling on electricity rates. 260  

4.4.4 Nevada Division of Environmental Protection 
In addition to the State Engineer and the PUC, CSP developers in Nevada may need to obtain 
water quality permits from the Bureau of Water Pollution Control (BWPC) within NDEP. The 
BWPC is responsible for protecting the quality of Nevada’s waters from the discharge of 
pollutants.261 Nevada law defines “waters of the state” as: “[A]ll waters situated wholly or partly 
within or bordering upon this State, including but not limited to: all streams, lakes, ponds, 
impounding reservoirs, marshes, water courses, waterways, wells, springs, irrigation systems and 
drainage systems; and all bodies or accumulations of water, surface and underground, natural or 
artificial.”262 

With respect to surface waters, EPA has delegated responsibility to Nevada to implement the 
NPDES program under the CWA. Based on this authority, the BWPC is the state agency 
responsible for issuing NPDES permits for discharges to surface waters falling under the CWA’s 
jurisdiction.263  

In addition, BWPC operates a state groundwater discharge program for discharges that will 
infiltrate into the ground, as well as “zero discharge” permits where the potential for discharge 
exists but will likely not occur (e.g., lined ponds and tanks). BWPC will review proposed 
projects to ensure that they will not degrade background water quality or exceed water quality 
standards.264  

4.4.5 State Actions Regarding the Use of Water for Power Plant Cooling 
There appears to be a trend toward dry cooling technologies in Nevada, as evidenced by State 
Engineer decisions that have denied applications for wet-cooled power plants or expressed 
reservations over the use of groundwater for cooling purposes.265 For example, the State Engineer 
issued Ruling No. 5008 in 2001, which approved a limited amount of water for the construction 
of “realistic power generation projects, which will use water efficient, air-cooled technology, in 
exchange for a portion of the energy remaining in Nevada.”266  
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In 2002, the State Engineer issued Ruling 5115, which addressed applications that a water 
district filed to appropriate groundwater. The district had intended to make any permits issued 
under its applications available to a party (in this case a tribe) as part of a proposed settlement 
agreement, which expressed the tribe’s intention to build a coal-fired power plant, possibly wet-
cooled. The State Engineer granted one application for a reduced quantity and held the other in 
abeyance to study impacts on groundwater resources. In addressing the possible use of water for 
a possible power plant, the State Engineer commented:  

Technology is available, which can produce significant amounts of electricity 
using air-cooled systems. This technology uses significantly less quantities of 
waters. The State Engineer…does not believe it is prudent to use substantial 
quantities of newly appropriated ground water for water-cooled power plants in 
one of the driest places in the nation, particularly with the uncertainty as to what 
quantity of water is available from the resources, if any. However, the State 
Engineer notes that his analysis may not be the same in the context of a change 
application of water rights that had previously been placed to beneficial use. 
[U]ntil a determination can be made as to the quantity of water available, any 
amount granted for appropriation must be limited….267 

The State Engineer’s office has further indicated that it will likely rely on the precedents 
established in these rulings when determining whether to grant new water rights for solar energy 
plants in southern Nevada.268 

Table 8. State Water Laws and Permitting Requirements in the Southwest269 

State Type of State Water Laws State-Issued Water Permit Required 

Surface Water Groundwater Surface Water Groundwater  

AZ Prior 
Appropriation 

Inside AMAs – GMA 
 
Outside AMAs -  
Reasonable Use 

Yes Inside AMA – Yes 
 
Outside AMA – No 

CA Prior 
Appropriation and 
Riparian Rights 
 

Correlative Rights 
 

Pre – 1914 Prior 
Appropriation Rights – No 
to Transfer Right 
 
Post-1914 Prior 
Appropriation Rights – Yes 
 
Riparian Rights – No  

Percolating 
Groundwater – No 
 
Subterranean Flow - 
Yes 

NV Prior 
Appropriation 

Prior Appropriation Yes Yes 

Notes: AMA=Active Management Area. GMA=Groundwater Management Act. 
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5 Water Issues Associated with CSP Development  
Water has played and will continue to play a critical role in determining the feasibility and 
profitability of CSP development in the Southwest. Physical and legal access to at least some 
amount of water is an essential requirement for every CSP plant. CSP development in the 
Southwest is also complicated by differing planning horizons, geographic boundaries, and 
planning requirements from the management of energy and water sectors. 

CSP plants require significant amounts of space and ample sunshine, which often means that the 
most suitable locations are in remote, desert areas far from large population centers. The siting of 
these projects in such areas typically makes connecting to municipal, industrial, or wastewater 
supplies prohibitively expensive, which typically leaves groundwater as the only feasible water 
supply for such projects. However, given increasing demands for freshwater supplies in the 
Southwest, acquiring the right to use groundwater or other water sources for CSP plants, 
especially for cooling purposes, can be an expensive, time-consuming, and sometimes 
contentious process that has the potential to significantly delay or even scuttle projects.  

This section identifies and discusses the key water-related issues, challenges, regulations, 
policies, and related impacts associated with CSP development in the Southwest, with a 
particular focus on how water can affect the siting of CSP plants.  

5.1 The Suitability of CSP in Water Scarce Areas  
One of the most significant challenges associated with CSP development in the Southwest is that 
those areas with the most consistent and direct sunlight are also some of the most water scarce 
regions in the country.270 This scarcity represents one of the principal considerations that impact 
the siting of CSP projects and creates a significant amount of uncertainty about the future rate 
and deployment of CSP development.271  

5.1.1 Water Supply Issues 
The current trend for CSP development in the Southwest appears to favor technologies and 
projects that strive to minimize freshwater requirements.272 Nevertheless, all CSP development 
requires water to some degree, and the cumulative impacts of these projects have the potential to 
affect water resources.273  

In many cases, CSP plants have been constructed or proposed on retired agricultural land. In 
cases where plants are built on previously irrigated land, such plants may use less water than the 
previous agricultural use. For example, Abengoa Solar’s 250 MW Solana Project in Gila Bend, 
Arizona, is built on previously irrigated farmland and uses groundwater for wet cooling.274 
However, the project is estimated to consume 75%–85% less water per acre than the nearby 
alfalfa activities.275  

At the same time, some policymakers have expressed concerns about using wet cooling for CSP 
development in light of long-term drought and increasing water demands when less water-
intensive technologies are available. Former Arizona Senator Jon Kyl expressed this sentiment in 
a May 2010 report on CSP development in his state:  
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[P]olicymakers should ask whether a wet-cooled CSP plant makes sense from a 
state-wide water management perspective, not whether a wet-cooled CSP plant 
uses less water than another very water-intensive use on a specific parcel of land. 
This is especially true since other technology is available such as dry or hybrid 
cooling that uses a fraction of the water used in wet cooling.276 

 
Another water supply consideration pertains to the virtual export of water supplies when 
electricity generated in one state is exported to another. Such is the case in Arizona, which has 
historically produced more electricity than it consumes. According to one report, the state 
exports electricity that consumes about 52,000 acre-feet of water each year to generate and 
imports electricity that consumes 22,000 acre-feet per year.277 This creates a net loss from energy 
production of about 30,000 acre-feet per year, enough to supply water to 120,000 people at 
current water usage rates in Arizona.278  

Future CSP development in Arizona and Nevada has the potential to increase electricity exports, 
particularly exports to California, effectively increasing the amount of water exported from these 
states.279 This has led some policymakers, including Senator Kyl, to question whether it is in the 
state’s best interest to place additional demands on the state’s scarce resources to export energy 
to other states with greater demands, especially if those states would likely prohibit wet-cooled 
CSP plants.280  

There is also the question of sustainability. In California for example there are many 
groundwater basins in the desert where the storage and balance of water is poorly understood. 
Long term studies of natural recharge, underflow to and from basins, and the dependency of 
other users and natural resources on groundwater are not available. Where groundwater use is 
planned in a poorly understood basin various impacts could occur such as overdraft, subsidence, 
water quality degradation, and local impacts to other users. In some basins these impacts are 
already occurring. Without adequate data, estimates of basin balance and aquifer characteristics 
are subject to significant variability and much debate. Often times BLM and CEC must take 
relatively conservative approaches to evaluating potential impacts because it is not clearly known 
to what extent they may occur.281  

Taken together, these concerns could place additional pressure on state lawmakers and 
policymakers to address the use of wet cooling through legislation, policies, or guidance that 
restrict or limit the use of wet cooling for new power plants. As mentioned previously, California 
has already adopted a policy limiting the use of wet cooling for new power projects. 
Implementation of this policy in recent cases has resulted in only one project being licensed to 
use groundwater for cooling while all others are dry-cooled or limited hybrid cooling. Recent 
decisions by the ACC in Arizona and the State Engineer in Nevada have denied applications for 
wet-cooled plants.  

Even without formal requirements limiting the use of wet cooling, state permitting agencies and 
the public will likely place increasing scrutiny on the water uses of future CSP plants given 
increasing water demands, drought, and other factors impacting water resources in the 
Southwest.  
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5.1.2 Water Rights  
As with any new water use, CSP projects have the potential to impair existing water rights, 
which can pose a number of obstacles in obtaining the necessary rights for projects. Given the 
relative scarcity of water in the Southwest, many suitable areas for CSP are located in over-
appropriated basins where there is no reasonable expectation of acquiring new water rights for 
CSP or any other use. This means that CSP projects will likely need to acquire the water they 
need through the purchase or lease of existing water rights. However, the ability of CSP projects 
to transfer water rights may be constrained in some areas.282  

The Amargosa Valley in Nevada is one example of an area where these types of restrictions have 
occurred. In 2007, the Nevada State Engineer ruled that the Amargosa Desert basin was over-
appropriated by about 18,000 acre-feet per year and that applications for new water rights would 
be denied to avoid impairment to existing water rights.283 Nevertheless, a number of solar energy 
projects with a total water demand of 50,000 acre-feet per year had been proposed for the area, 
while only about 7,000 acre-feet of water was theoretically available for purchase or lease in the 
basin. 284 The Nevada State Engineer found in 2008 that with few exceptions, it would deny 
applications to change the point of diversion of an existing groundwater right within a specific 
portion of the basin.285  

5.1.3 Water Transfers 
The majority of existing water rights in the Southwest are held by agricultural users, which 
means that water is often transferred out of agriculture for other uses, such as residential 
development and energy generation, when unappropriated water supplies are unavailable. In 
some cases, CSP developers may purchase private farm land and the associated water rights used 
to irrigate that land. In other cases, the water may be transferred from another location. Under 
either scenario, water is removed from agriculture, which raises questions about the possible 
impacts of CSP development (along with any other new proposed use of water) on agricultural 
communities and economies.  

On one hand, CSP projects can provide significant economic benefits both to the local economy 
and to a larger state economy, as discussed in Section 3.4. Nevertheless, reducing the amount of 
water used for agriculture can create a number of real or perceived adverse impacts for local 
economies, particularly those that are heavily dependent upon agriculture. Although the 
permanent jobs that CSP plants create can offset decreases in agricultural workforces, the two 
industries require different skill sets and individuals whose employment is displaced by a 
transfer of water may not be qualified to work at a CSP plant. Moreover, some experts have 
expressed concern that displacing agriculture with energy projects poses a risk that project 
owners will export profits outside of the impacted community. In contrast to CSP, local 
agriculture is often considered to form the foundation of an area’s employment and way of life 
and might be considered more likely to re-inject its profits into the local economy.286  

Such challenges associated with water transfers away from agriculture are not unique to CSP 
development, and must be addressed by any new proposed use of water in many agricultural 
regions of the Southwest. Water transfer decisions can vary greatly by location, and could be 
affected by how long the land is likely to remain in agriculture over the time horizon of the 
project, other competing water uses for the land, relative economic productivity of existing and 
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proposed land and water uses, as well as the existing degree of local control of the land and 
water rights.  

5.1.4 Use of Effluent for Cooling 
Effluent from municipal wastewater treatment plants represents a relatively reliable source of 
cooling water for CSP plants. If a CSP project is located near a population center, relying on 
municipal effluent may be one way of avoiding many of the social and environmental impacts 
associated with the use of freshwater supplies for cooling purposes. However, many CSP plants 
are located in areas far from population centers, which can make connecting to wastewater 
treatment plants cost prohibitive.287  

5.1.5 Water Quality  
CSP projects also have the potential to impact water quality, especially as water quality and 
quantity are connected. Depleting surface or groundwater sources for CSP project construction 
and operation can increase the concentration of sediments and other pollutants in surface waters. 
The construction activities and grading associated with developing a CSP site, which can cover 
large areas, have the potential to cause erosion and runoff and to alter natural drainage patterns. 
The application of chemical herbicides to clear sites before a project’s construction can also 
contaminate aquifers and other water sources. The impacts on water quality of potential 
chemicals utilized for mirror cleaning or from inadequately constructed evaporation ponds for 
cooling tower blowdown water have not yet been studied in detail. Improperly installed or 
maintained groundwater wells needed to supply water to CSP projects can serve as conduits for 
pollutants that could contaminate aquifers.288 When a project uses wet cooling it often includes 
the use of evaporation basins to concentrate the salts from blowdown. These ponds can be 
detrimental to wildlife and can leak and contaminate groundwater. Parabolic trough systems also 
use heat transfer fluid which can leak and be a source of contamination. In California extensive 
monitoring programs are required to ensure that no impacts occur.289  

5.1.6 Water-Related Environmental Impacts 
In addition to impacting human uses, depleted water supplies that result from CSP development 
can decrease biological diversity and displace wildlife by reducing vegetation and drinking water 
supplies. These results could also increase the risk of wildfire as well as the susceptibility of 
wildlife to predation and disease.290  

Jonathan Jarvis, the Regional Director of the Pacific West Region of the National Park Service, 
expressed similar concerns regarding the water impacts of proposed CSP projects on BLM land 
on natural resources in various National Park Service units in southern Nevada. In a 2009 letter 
to BLM, Jarvis stated that increased water demand from wet-cooled CSP plants could strain 
already limited water resources and “cause additional impacts to other sensitive, water-dependent 
natural resources associated with these park units.”291 Jarvis also suggested that “energy policy 
managers, energy developers, federal and state land management agencies, and local 
communities need to discuss and recognize the natural resource constraints that will determine 
the success or failure of solar energy development projects in southern Nevada and plan 
accordingly.”292  
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5.1.7 Public Opinion and Perception  
Public opinion and perception regarding a CSP project’s water use have the potential to influence 
siting decisions, particularly with respect to wet-cooled projects located near population or 
agricultural centers. However, according to many of the experts interviewed for this report, 
public opinion regarding the water impacts of CSP sites located in remote areas has generally 
been less significant than concerns associated with impacts to wildlife and cultural and historical 
resources. This is due in part to the fact that these types of projects are located far from 
population centers or agricultural areas where their water use would have an impact on other 
human activities. The sources interviewed for this report also indicated that the public appears to 
have less concern with the water use aspects of CSP projects that rely on dry cooling technology, 
effluent, or are sited on previously irrigated land and use less water than the prior use.293  

5.2 State Actions Expressing a Preference for Alternative Cooling 
Technologies 

As discussed above, recent policies and permitting decisions in the Southwest have indicated an 
increasing preference for alternative cooling technologies, including dry cooling and hybrid 
cooling. For example, of the 24 CSP plants that are operational in the Southwest, no less than 15 
are wet-cooled. In contrast, of the 13 CSP projects that are under construction or development in 
the region, at least eight will be dry- or hybrid-cooled, while another project will use reclaimed 
water (Appendix). 

The preference for alternative cooling technologies is particularly pronounced in California 
where most CSP plants and other power plants that have secured CEC approval have relied on 
dry cooling technology or relied on wet-cooled systems that use alternative water sources, such 
as wastewater. In addition, no CEC-approved plant in the last 15 years has used once-through 
cooling, while CEC has engaged in substantial research efforts regarding the use and possible 
effects of using dry cooling technologies.294  

As mentioned previously, the Nevada State Engineer has also expressed concerns about wet-
cooled technology. Consequently, it is likely that wet-cooled CSP plants will experience 
additional scrutiny and increasing difficulty in securing state approval in California and Nevada.  

Arizona has not adopted a state-wide policy prohibiting wet cooling due in part to concerns that 
dry cooling is too inefficient and costly given the state’s high temperatures. However, ACC 
commissioners have required dry cooling in at least one CSP permitting decision, as shown by its 
decision requiring dry or hybrid cooling and the use of effluent for the Hualapai project. Thus, it 
is possible that the ACC and other Arizona policymakers could consider broader policies 
regarding the use of wet cooling for CSP development in the future, especially if water shortages 
in the state become more acute.295  

5.3 Notable Federal Water-Related Laws and Policies Regarding CSP  
Although states are primarily responsible for allocating water rights, there are a number of 
federal laws and regulations that impact how water is used for CSP development, particularly for 
plants located on federal land. This section describes key federal laws and regulations that may 
impact the use of water as it relates to CSP development in the Southwest. 



49 

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

5.3.1 BLM Right-of-Way Review Procedures  
As described in Section 3.3.1, BLM approves rights-of-way for CSP projects on federal land 
pursuant to the FLPMA, which requires consideration of impacts to environmental resources, 
including water.296 BLM also complied with the FLPMA in carrying out its “fast-track” right-of-
way approval process, which provides a number of examples of how the agency addresses water-
related impacts associated with CSP development.  

For example, to address water quantity issues associated with CSP development, BLM required a 
variety of conditions for its right-of-way approvals. In some instances, it altered a project’s 
technical components, such as limiting the number of heliostats that require washing to save 
water, and required project applicants to purchase water or a specific amount of existing water 
rights to offset the project’s water use. BLM also required or encouraged applicants to use dry 
cooling or PV alternatives.297  

Notably, BLM’s right-of-way approval for the Amargosa Farm Road Solar Project in Nevada 
found that the environmentally preferable alternative required the use of dry cooling, stating that 
this alternative “…allows for the least amount of water use among the…proposed 
alternatives.”298 BLM also based its decision to approve the right-of-way on the project 
applicant’s agreement to acquire 236 acre-feet of water per year to mitigate any potential impacts 
of the project’s groundwater withdrawals on the nearby Devil’s Hole Unit of Death Valley 
National Park and the Ash Meadows National Wildlife Refuge.299 Of note, the project’s 
developers switched the plant to PV in 2011.300 

Certain BLM decisions have also addressed various CSP-related water quality impacts. For 
instance, some required the construction of drainage structures to mitigate stormwater runoff, as 
well as the use of best management practices to minimize soil erosion and sediment 
transportation.301 Of note, the agency has rejected proposals to redirect surface water in at least 
one case.302  

5.3.2 Water-Related Aspects of BLM’s Solar PEIS  
BLM’s July 2012 PEIS identifies a number of proposed design features and actions intended to 
avoid, minimize, and/or mitigate the potential impacts of utility-scale solar development on 
water resources. These include actions by the project developer to coordinate with BLM and 
other federal, state, and local agencies early in the planning process to identify and minimize 
water use for the project and to secure the necessary water rights, including consideration of 
water conservation measures, such as dry cooling and the use of recycled or impaired water. 
Other examples of water-related measures include efforts by the project developer to: (1) control 
project site drainage, erosion, and sedimentation related to stormwater runoff; (2) conduct 
hydrologic studies that demonstrate a clear understanding of the local surface water and 
groundwater hydrology; (3) avoid, minimize, and mitigate impacts on groundwater and surface 
water in accordance with the CWA and other specified environmental regulations and policies; 
(4) maintain water resources design elements during operations and maintenance of the project, 
including various monitoring activities; and (5) reclaim the project site after decommissioning to 
reduce impacts to water resources.303  
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5.3.3 The Clean Water Act 
A number of provisions of the federal CWA may apply to CSP projects. In particular, the 
construction of CSP plants often involves the grading and clearing of significant amounts of 
land, which can create drainage, erosion, and sedimentation issues related to stormwater runoff. 
If the runoff discharges to surface waters that fall under the CWA’s jurisdiction, such runoff can 
qualify as a point source of pollution requiring an NPDES permit under Section 402 of the 
CWA.304 Arizona, California, and Nevada are each authorized to administer their own NPDES 
programs, and developers must work with the appropriate agency in those states to secure the 
necessary permits.  

CSP plant construction may also involve or require the discharge of fill material into surface 
waters subject to the CWA. In such cases, CSP developers may need to obtain permits from the 
U.S. Army Corps of Engineers under Section 404 of the CWA.305  

Moreover, CSP plants that discharge wastewater from cooling or other purposes to surface 
waters will require an NPDES permit under the CWA.306 However, it is important to note that 
many plants may be located in areas without a suitable receiving water body. Plants located 
closer to population centers may also be able to discharge to a wastewater treatment plant. 
However, given the remote location of some CSP plants, the most feasible option for the 
discharge of wastewater may involve deep well injection or discharge to evaporation ponds.307 

5.3.4 The Endangered Species Act 
The purpose of the Endangered Species Act (ESA) is to conserve and restore species that the 
federal government has listed as either endangered or threatened, as well as the habitats upon 
which such species depend. Section 7 of the ESA requires that federal agencies, including BLM, 
ensure that their actions will not jeopardize the existence of a listed species or adversely modify 
its critical habitat. Section 9 of the ESA also prohibits and person from “taking” a listed species, 
regardless of whether the species is located on federal land.308  

The ESA has the potential to impact the siting of solar projects in the Southwest because the area 
is home to a number of threatened or endangered species. Although BLM has indicated that it 
will not allow solar development in designated critical habitats, only about 12% of listed species 
currently have designated critical habitat. Therefore, it is likely that some areas authorized for 
solar development may have listed species, which may not be discovered until after a site is 
selected and project is underway, possibly resulting in significant delays and cost increases as 
projects are re-designed or modified to mitigate or minimize damages to listed species.309  

With respect to water, groundwater pumping for CSP plants can impact threatened species by 
placing additional strain upon aquifers and other water sources that provide habitat for listed 
species. For example, the National Park Service had expressed concern in 2009 about proposed 
CSP plants in Nevada that it felt threatened Devils Hole, a detached unit of the Death Valley 
National Park that includes an aquifer-fed spring that provides habitat for the endangered Devils 
Hole Pupfish.310  

5.3.5 Colorado River Issues  
The Colorado River Compact, the BCPA, and other laws that make up the “Law of the River” 
may place additional restrictions on CSP plants that withdraw groundwater near the river in the 
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Lower Colorado Basin, which includes Arizona, California, and Nevada. Specifically, under 
Section 5 of the BCPA311 and the U.S. Supreme Court’s 2006 Consolidated Decree in Arizona v. 
California,312 wells in the Lower Basin that yield groundwater replaced with Colorado River 
water must be included in the accounting for consumptive use of the River’s water and require an 
entitlement for diversion from the river.313  

An entitlement to use Colorado River water is an authorization to put River water to a beneficial 
use pursuant to a contract with the Secretary of the Interior, also known as a BCPA Section 5 
contract.314 For example, in California, the Secretary has contracts with specific water agencies, 
such as the Metropolitan Water District of Southern California.315 Entitlements can also include a 
reservation of water by the Secretary or a right decreed by the U.S. Supreme Court.316  

In California, no additional water is available for new CSP or other energy projects unless they 
are through the contract of an existing BCPA Section 5 contract holder, either by direct service 
or through the exchange of non-Colorado River water for Colorado River water. 317 Acquiring the 
rights to use water through an existing BCPA Section contract or exchanging non-Colorado 
River water may require significant costs and time that could possibly delay a project and 
increase its overall costs.  

The Bureau of Reclamation is responsible for determining whether a well will pump water that 
will be replaced with Colorado River water. In general, wells located in the Colorado River flood 
plain are presumed to pump river water. Wells located outside of the flood plain may also be 
considered to pump river water if they satisfy certain conditions.318  

To determine if wells outside of the floodplain will result in a consumptive use of mainstream 
water from the River, Reclamation has proposed an “accounting surface methodology” that the 
USGS developed in the 1990s. Under this method, a well located outside of the flood plain will 
withdraw Colorado River Water and therefore require an entitlement if: (1) it is located within 
the Colorado River Aquifer; and (2) the elevation of the static water level of the well is below the 
accounting surface of the aquifer.319 Reclamation proposed the method as a possible rule in 2008 
but since withdrew the proposal and is preparing a new rule. Nevertheless, Reclamation has used 
the method as a tool to determine whether wells will result in consumptive use of Colorado River 
water,320 although other state and federal agencies have questioned whether the methodology 
imposes any binding requirements because it has yet to be promulgated as a final rule.321 

5.4 Water-Related Financial Considerations  
Water has the potential to impact the financial feasibility and competitiveness of CSP 
development in the Southwest. Although CSP plants have historically been more capital 
intensive and therefore more expensive than conventional power plants to build and operate,322 
CSP plants that rely on dry-cooled technology tend to be even more costly than their wet-cooled 
counterparts. For instance, some reports indicating that the capital costs of a dry-cooled system 
are three times larger than a wet-cooled system.323  

As mentioned in Section 2.5, dry-cooled CSP plants result in lower thermal efficiency, 
particularly on hot days and in warm climates, which are when and where peak power is 
typically most needed.324 However, these increased operational costs vary considerably and may 
often be relatively minor. For instance, one study of a parabolic trough plant in the Mojave 
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Desert found that dry cooling was 5% less efficient than wet cooling on an annual basis, which 
increased the cost of the electricity the plant produced by 7%–9%.325 However, these results are 
not uniform and vary according to location, as shown by another study that found that dry 
cooling for a parabolic trough in New Mexico would only increase the cost of electricity by 2% 
because the maximum temperatures at the site were considerably lower than in the Mojave.326 
Thus, while there is a performance penalty for dry cooling, the amount of this penalty varies, and 
it is possible that the actual penalty may be negligible in some circumstances.  

The performance penalties associated with dry cooling also vary according to the type of 
technology used. For example, one study found that the annual electric output for a dry-cooled 
parabolic trough plant dropped by 4.6% compared to a wet-cooled plant, while the output of a 
similar power tower dropped only 1.3%.327 The study also looked at the difference in efficiencies 
between the two plants during the hottest 1% of operating hours, finding that the trough plant 
experienced a 17.6% drop in performance compared to a 6.3% drop in performance by the power 
tower plant.328 If electricity prices are high during those periods, the financial impact could be 
substantial,329 although it may be possible to offset impacts to net electricity generation by 
utilizing larger solar collection fields.330 Nevertheless, increasing the solar field also increases the 
physical footprint of the plant, which can have other environmental and social impacts.  

Hybrid cooling offers one way to address the cost issues associated with dry cooling. As 
mentioned previously, these systems use a combination of wet and dry cooling to reduce water 
consumption. One DOE study showed that hybrid cooling for a parabolic trough CSP plant that 
used 50% less water would result in a 1% drop in annual electrical energy output, while using 
85% less water would result in a 3% drop in output.331 The performance penalties for hybrid 
cooling vary according to the type of CSP technology, with technologies that have lower 
operating temperatures experiencing higher penalties and plants with higher temperatures having 
lower penalties.332  

In sum, although it is possible that dry-cooled or hybrid cooling technology may increase the 
costs of a CSP project, the resulting performance penalty may be relatively minor depending on 
the specific circumstances surrounding the project. Given the increasing preference in the 
Southwest for dry cooling, it is also likely that such CSP plants will be competitive with other 
CSP plants. However, the larger question pertains to whether the extra costs associated with dry 
cooling and hybrid cooling will hinder CSP development compared to other, cheaper energy 
sources.  
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6 Case Studies  
To illustrate how water affects CSP development in the Southwest, this section will describe the 
role it played in the approval or operation of three CSP projects, one in each of the following 
states: Arizona, California, and Nevada. 

The projects were selected with the intention of providing a collective picture of the various 
water-related issues, cooling technologies, and approaches currently associated with CSP 
development.  

6.1 Arizona – The Hualapai Valley Solar Project  
The proposed 340-MW parabolic trough Hualapai Valley Solar Project in Mohave County, 
Arizona, illustrates some of the ways in which public opinion and concerns over water use can 
impact a project’s design and ultimate approval.333  

6.1.1 Proposed Water Use 
The Hualapai project is located over 27 miles north of Kingman, Arizona, (population 28,068) 
and 100 miles south of Las Vegas on approximately 4,000 acres of raw, undeveloped private 
land. It was originally proposed as a wet-cooled plant that would require 3,000 acre-feet of water 
per year for all uses, of which 2,400 acre-feet would be pumped from the Hualapai Valley 
Aquifer for cooling purposes. Notably, the proposed site is not located within an AMA and 
therefore did not require the acquisition of a groundwater right from ADWR. Although the 
proposed project site had not been irrigated, the land had previously been designated for 
agricultural purposes, which could have consumed over 20,000 acre-feet of groundwater per 
year, according to some estimates.334  

The project’s developer Hualapai Valley Solar LLC (HVS) based its decision to rely on wet 
cooling instead of hybrid or dry cooling on concerns that the desert’s high ambient temperatures 
would hinder the effectiveness of any dry cooling system in the area, arguing that temperatures 
over 100°F could result in output reductions of over 20% and that dry cooling would result in an 
additional cost between 7% and 9%. HVS also expressed concern that a hybrid system would be 
twice as expensive as a basic wet cooling system but would still require wet cooling for half of 
the year when temperatures were high.335 

To minimize the project’s groundwater usage, HVS sought an agreement to purchase treated 
wastewater from Kingman and then pipe it to the project site to reduce the plant’s water usage. 
At the time of HVS’s proposal, the city’s treatment plant was capable of producing 1,600 acre-
feet of water per year. Initial negotiations between HVS and the city centered on a possible 10-
year contract to provide 900,000 gallons of A+ effluent per day at $0.64 per thousand gallons 
(1,008 acre-feet per year), with the possibility of renewal every 5 years after 2020.336 The city 
also estimated that its treatment plant would produce around 2,300 acre-feet per year by 2016337 
and hoped to be able to eventually supply all of the plant’s water as the city’s population grows 
and its sewer system expands to connect residents currently relying on septic systems.338  

6.1.2 Impacts to State and Local Economies 
As initially proposed, the project would have cost around $2 billion, and HVS estimated that the 
project would provide $20 million in county and state tax revenues each year, while also 
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generating 1,500 construction jobs at peak construction, with 107 permanent positions created 
upon the plant’s completion.339 HVS had intended to finance part of the project with DOE loan 
guarantees and intended to secure a purchase power agreement with Nevada Energy to provide 
energy to Nevada.340  

6.1.3 Public Opposition and Support  
In November 2009, HVS filed an application for a COEC with the ACC, which generated a 
significant amount of support and opposition, much of which focused on water. Those concerned 
about the project generally supported solar energy development but opposed the project’s use of 
wet cooling technology due to concerns about possible impacts on local water resources. In 
particular, opponents argued that the Hualapai Valley Aquifer is in a state of depletion and that 
the project would de-water local wells, citing estimates that current depletions total 10,000 acre-
feet per year while recharge is between 2,000 and 2,400 acre-feet. Although opponents generally 
supported the project’s proposed use of effluent use for cooling, they expressed concern over 
whether HVS would be able to finalize an agreement with Kingman and would ultimately need 
to rely on groundwater to satisfy all of its cooling needs. Many opponents also argued that the 
plant should be dry-cooled, noting that similar CSP plants proposed for other parts of the 
Southwest would rely on dry cooling and would therefore have the same competitive posture.  

Conversely, HVS cited groundwater models and studies that indicated that there was sufficient 
available groundwater for the project without impacting other groundwater users. HVS further 
argued that wet cooling was appropriate because both groundwater and effluent were available, 
unlike other CSP plants in the Southwest, and that dry and hybrid cooling would represent an 
unnecessary and significant cost increase that would put the project at a disadvantage with other 
approved wet-cooled power plants in the region.341 Project supporters, including the Mayor of 
Kingman, other city officials, the Kingman Downtown Merchants Association, and the 
Kingman/Golden Valley Association of Realtors, argued that the project would provide 
significant contributions to the local economy.342  

6.1.4 ACC Provisional Approval of Project 
In April 2010, the ACC granted a provisional COEC that approved the project as being in the 
public interest and found that its “contribution to meeting the need for an adequate, economical 
and reliable supply of renewable electric power” outweighed its environmental impacts. With 
respect to water, the certificate limited the total water use for the project to 3,000 acre-feet per 
year from all sources and to 2,400 acre-feet of groundwater per year for cooling purposes. 
Condition No. 4 of certificate also required HVS to “make all reasonable efforts” to minimize the 
use of groundwater during the construction and operation of the project, and to use effluent for 
cooling and all other non-potable water uses “to the extent it is made available by the City of 
Kingman…and can be transported at [HVS’] expense to the Project site.” Moreover, Condition 
No. 4 gave HVS 2 years to enter into a contract with Kingman to supply effluent to the project 
and authorized the plant to use groundwater when effluent was not available from Kingman or 
when transmission from the treatment plant to the project site is interrupted. 343  

6.1.5 Public Reaction to ACC Provisional Approval  
Opponents objected to the provisional certificate, arguing that Condition No. 4 did not provide a 
failsafe means of ensuring that the project would use effluent because it only required HVS to 
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make a “reasonable effort” to minimize groundwater use and only mandated the use of effluent 
to the extent that it is available from Kingman’s treatment plant. Some members of the 
community also expressed concerns about the possibility that Kingman’s projected population 
growth may not take place, which would mean that the city’s treatment plant would not be able 
to provide all of the cooling water needed for the plant. Thus, to the extent that effluent was not 
available, opponents argued that the ACC should require HVS to use dry cooling technology.344  

Conversely, HVS argued that Condition No. 4 was sufficient, noting that the condition needed to 
be flexible in order to ensure that HVS was “not at the mercy of contingencies beyond its 
control.” Namely, HVS argued that it would have no way of influencing how much effluent 
Kingman’s treatment plant would produce or when it operates because it did not own the facility. 
HVS also responded to arguments that the ACC should require HVS to use only effluent for its 
wet cooling needs, expressing concern that such a requirement could result in situations where 
the plant could shut down if it did not receive enough effluent for its cooling needs.345 HVS 
further noted in an August 2010 pleading that its negotiations for a power purchase agreement 
and construction contract were based on the project using wet cooling and that requiring the 
project to use dry or hybrid cooling “would cause serious problems with obtaining financing, 
primarily because there are no utility-scale solar thermal dry- or hybrid-cooled plants operating 
in the world today.”346  

6.1.6 ACC Amendment of Project Water Mitigation Requirements 
In November 2010, the ACC agreed with the opponents’ concerns and amended Condition No. 4 
to read:  

Applicant shall utilize all available effluent supplies from the City of Kingman 
…and to the degree that Applicant is unable to procure enough effluent for the 
operation of the entire HVS project, Applicant should utilize dry or hybrid 
cooling technology in the construction of its facilities as a condition of receiving 
this CEC. The Applicant cannot operate the plant using groundwater for cooling. 
If the Applicant determines that not enough effluent will be available for the 
operation of the plant without using groundwater, it may proceed with 
construction of the plant using dry or hybrid cooling technology.347  
 

In reaching this decision, the ACC determined that the previous language for Condition No. 4 
“leaves too much to chance” because the project would rely on groundwater “in an area that is 
known for its aridity and water scarcity.” The ACC further reasoned: 

However, even more compelling…is the recent trend by other states and federal 
agencies toward encouraging and even requiring dry or hybrid cooling technology 
for thermal plants…. [D]ry cooling is a technology that is currently available to 
energy developers, and will be used by CSP developers in both Nevada and 
California, where desert conditions led the project developers and regulators to 
choose the more environmentally sensitive cooling technology.348  
 

With respect to HVS’s concerns regarding the cost of dry cooling, the ACC found that the 
developer had provided no evidence why it would be unable to rely on this technology when 
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“most similarly situated CSP plants that either have or are undergoing siting review have chosen 
to move forward with this technology.” The decision marked the first time that the ACC had 
required dry cooling for a power plant. The ACC also found that the 3%–8% increase in the price 
premiums associated with dry cooling was “a reasonable tradeoff for Mohave County’s 
groundwater supplies.”349 

Then-ACC Chairman Kris Mayes, who sponsored the amendment, also expressed concerns that 
the project would use Arizona groundwater to export energy to Nevada at a time when CSP 
plants in Nevada are being required to use dry cooling technology. “Why should Arizona rate-
payers, taxpayers, and residents have to sell their water to Nevada,” she was quoted as saying in 
an October 2010 news article describing a hearing on the amendment.350  

6.1.7 Current Status 
Following the ACC’s amendment, HVS’s plans to build the project appear to have stalled.351 
HVS has not yet contracted with Kingman to supply treated wastewater and questions remain 
over how HVS would transport water to the site, including the exact cost and length of a pipeline 
as well as the acquisition of the necessary rights-of-way.352 Furthermore, HVS’s parent company 
Mohave Sun Power had reached a funding agreement with ACS Cobra, but the agreement fell 
apart in April 2011 when Mohave Sun Power was unable to secure a power purchase agreement 
with Nevada Energy. In turn, this hindered Mohave’s ability to secure a loan from DOE.353 It is 
uncertain exactly what role the ACC’s dry cooling amendment played in the financing 
challenges associated with the project, especially given the falling cost of natural gas and PV.  

Notably, while the ACC required dry cooling for Hualapai, it did approve the 280-MW Solana 
Project in Gila Bend, Arizona, which is wet-cooled and was designed to use about 1,600 acre-
feet of water per year. However, unlike the Hualapai project, the Solana project received 
relatively little public opposition, due in part to the fact that it is being built on previously 
irrigated farmland rather than raw, un-irrigated land. It is also estimated to consume 75%–85% 
less water than the previous agricultural uses.354 

The Hualapai project shows how public concerns regarding water use can play a significant role 
in the siting of CSP project, particularly if the project is wet-cooled and located close to a 
population or agricultural center on previously un-irrigated land. The project also illustrates the 
growing trend toward the use of technologies that minimize freshwater use, including dry 
cooling and the use of effluent (when feasible), and shows that concerns about the impacts of 
CSP development on water resources can trump economic benefits in some cases.  

Of further note, the project demonstrates the important role that utility commissions can play in 
addressing and mitigating the potential impacts of CSP plants on water resources. This is 
especially true for cases in Arizona where the proposed plant is sited outside of an AMA and 
therefore does not require a water right permit. While most state water right approval processes 
typically focus on the availability of water and injury to other water right holders, the ACC’s 
decision to require dry cooling and the use of effluent for the Hualapai project shows that some 
utility commissions can have authority to impose additional restrictions on a project’s water use 
that might not be available through traditional water right permitting processes.  
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6.2 California – Genesis Solar Energy Project  
The Genesis Solar Energy Project is a 250-MW parabolic trough CSP plant located in Riverside 
County, California that became operational in November 2013 and March 2014. Developed by 
Genesis Solar LLC, a subsidiary of NextEra Energy Resources, the $1 billion dry-cooled project 
was built on almost 1,950 acres of BLM-managed public lands 25 miles west of Blythe 
(population 20,817) in southeastern California and 200 miles east of Los Angeles. Although the 
project was sited on undisturbed land, the area has been used in the past for grazing and off-
highway vehicle recreation. The project was also processed jointly through BLM and CEC’s 
cooperative model and received approval to be constructed on public lands as part of BLM’s 
fast-track approval process.355  

The project has secured a power purchase agreement with the Pacific Gas and Electric Company 
and is being backed by an $825 million DOE loan guarantee. Initial estimates found that the 
project would generate 646 direct jobs per month with a payroll of $165.5 million during 
construction and create 40–50 permanent full-time jobs once operational. The project was also 
expected to create 446 indirect jobs during construction as well as 124 indirect jobs during 
operation. Estimated fiscal benefits include $627,000 per year in property taxes, $1.3 million per 
year in state and local sales tax during construction, and $44,000 per year in state and local sales 
tax during operation.356 

6.2.1 Original Proposed Use of Wet Cooling Technology 
The project was originally proposed as a wet-cooled plant that would have required 1,604 acre-
feet of groundwater per year, most of which was for cooling. In addition, the project would have 
required an estimated 2,440 acre-feet during its construction for site preparation and dust 
suppression. Notably, the on-site groundwater was brackish and poor quality, with high levels of 
total dissolved solids, and likely impaired for municipal, potable, and agricultural uses.357  

Although California’s policies allow for the use of impaired waters for power plant cooling 
purposes under certain circumstances, the project’s proposed groundwater use nevertheless 
raised a number of concerns regarding its cumulative impact on water resources in the area, 
including possible impacts to springs and seeps in the Chuckwalla Valley Groundwater Basin. In 
February 2010, the CEC issued a decision and scoping order that clarified the SWRCB’s and 
CEC’s policies on the use of water for power plant cooling purposes. The order found that those 
policies require “projects seeking to use groundwater for power plant cooling to use the least 
amount of the worst available water, considering all applicable technical, legal, economic, and 
environmental factors (emphasis added).”358 

A June 2010 CEC SA raised additional concerns that while the groundwater at issue was 
possibly the “worst quality water reasonably available for the purposes of the project,” the 
project did not comply with California’s policies because it failed to use the “least amount of 
water available.”359 The assessment also found that Genesis Solar had not shown that dry cooling 
was not environmentally undesirable or economically unsound, especially in light of “parallel 
applications in the same region for dry-cooled solar power plants.”360 Likewise, BLM issued a 
Draft Environmental Impact Statement in March 2010 as part of its right-of-way approval 
process that made similar conclusions.361 Consequently, both CEC staff and BLM ultimately 
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recommended dry cooling for the project, which they found would reduce the project’s water use 
to 202 acre-feet per year during operations.362 

6.2.2 Switch to Dry Cooling and Project Approval 
In July 2010, Genesis Solar revised the project to rely on dry cooling and received approval from 
CEC and BLM shortly thereafter. In its final order approving the project, CEC found that the 
project’s use of dry cooling is “consistent with the State’s water policy” as set forth by the 
SWRCB and CEC and “will provide environmental benefits through reduced water use in a 
water-constrained environment, reduced use of treatment chemicals, reduction in solid waste 
generation, and avoidance of substantial harm to biological resources and wetland/substrate 
habitat.”363 Likewise, BLM’s record of decision granting the project’s right-of-way application 
found that dry cooling was the environmentally preferred alternative, met “national renewable 
energy goals and objectives,” and “will reduce impacts to water resources and allow the fully 
requested 250 MW of energy development.”364 

6.2.3 Colorado River Issues 
Notwithstanding the Genesis Project’s eventual shift to dry cooling, its proposed water use still 
raised questions about potential compliance issues with the Colorado River Compact. As 
discussed in Section 5.3.5, groundwater withdrawals in the Lower Colorado River Basin that are 
replaced with river water require an entitlement under the BCPA and the 2006 Consolidated 
Decree in Arizona v. California. In June 2010, the Colorado River Board of California, which is 
responsible for protecting California’s rights and interests in the river, raised concerns that BLM 
lands proposed for the project were located within the “accounting surface area” and that the 
USGS had determined that the aquifer underlying the area was hydraulically connected to the 
river. If the project’s wells were determined to pump river water, the board opined that the 
project would need to secure an entitlement “before such a use is deemed to be a legally 
authorized use of this groundwater.” Because no additional river water is available for new 
projects, the board stated that the project might need to obtain its water through an existing 
BCPA Section 5 contract holder.365  

CEC ultimately found that it was unclear if the project would draw Colorado River and 
determined that there was not enough evidence to impose a condition requiring Genesis Solar to 
obtain a Colorado River entitlement. However, CEC did find that the project’s withdrawal of 
water from the Chuckwalla Basin could decrease the amount of groundwater underflow to the 
adjacent Palo Verde Mesa Groundwater basin, which is located next to the river.366  

Genesis Solar contended that a groundwater mound in the Palo Verde Valley and its relationship 
to the river made it impossible for pumping in the Chuckwalla Basin to move water from the 
river. Although CEC staff did not accept this contention, it did agree that there was no existing 
legal requirement for the project to obtain an entitlement to river water and that Genesis Solar 
would offset the project’s impacts to the Palo Verde Basin. Additionally, CEC noted that the 
amount of water required to offset depletions in the Palo Verde Basin “will be greater than what 
would be required to offset any theoretical impact to the river or drains, and thus the measure is 
conservative.”367 The CEC also required Genesis Solar to implement a water conservation 
program to offset the projects use of groundwater.368 
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BLM also addressed this issue in its right-of-way approval process. In its final Record of 
Decision approving the project, BLM declined to make a determination as to whether the 
groundwater the project would withdraw is hydrologically connected to the river due to the 
“uncertainty” of the Bureau of Reclamation’s accounting surface methodology. It also 
determined that no formal regulation exists that requires Genesis Solar to acquire an allocation, 
noting that Reclamation “has not finalized its rule on the accounting methodology” for the river. 
Should reclamation finalize the currently proposed accounting surface method, BLM indicated 
that it would work with Genesis to ensure that “appropriate processes are followed to obtain such 
an allocation.”369 

However, at least one organization challenged BLM’s decision regarding the project’s possible 
impacts on the River. In December 2010, the California Unions for Reliable Energy (CURE) and 
two individuals sued the Secretary of the Interior and BLM in federal court, claiming that the 
Chuckwalla Basin is hydrologically connected to the Colorado River. Even though the project 
had switched to dry cooling and reduced its projected operational water demands to 202 acre-feet 
per year (notwithstanding the 2,440 acre-feet needed for construction), CURE said any pumping 
for the project must be viewed as a withdrawal subject to the Law of the River.370 CURE argued 
that the federal government’s fast-tracked approval of the project violated NEPA because BLM 
did not adequately analyze and mitigate the project’s impact on the Colorado River while also 
violating the FLMPA and the Administrative Procedure Act by not acting in accordance with the 
Law of the River.371 Specifically, CURE said BLM “did not take the requisite ‘hard look’ at the 
project’s significant effects on the Colorado River because BLM did not provide quantitative or 
detailed qualitative information regarding the…Project’s effect on the Colorado River, as 
required by NEPA.”372 Thus, CURE asked the court to vacate BLM’s right-of-way approval for 
the project and to enjoin its withdrawal of groundwater from the basin and “any ground-
disturbing activities” until the defendants comply “with the substantive and procedural mandates 
of NEPA and FLMPA.”373  

However, the district court ultimately dismissed the suit in September 2011, finding that the 
plaintiffs lacked standing because they failed to provide evidence showing that they would suffer 
actual injury. Among other findings, the court was persuaded by information that The Bureau of 
Reclamation provided in response to requests by the plaintiffs that showed that the project’s 
wells would maintain water levels above those needed to be replaced by the river.374  

6.2.4 Impacts to Non-Water Resources 
The construction of the Genesis project has prompted various groups to raise concerns about 
possible impacts to resources other than water, including environmental and cultural resources 
that may postpone or possibly derail the project. In particular, in November 2011 earthmovers on 
the project site turned up Native American artifacts and a possible cremation, which are 
protected by the federal Native American Graves Protection and Repatriation Act. Native 
American bones have also been discovered near the project site and work was halted on 400 
acres, or one-fifth of the project’s total area, for archaeologists to conduct an assessment.375  

The Colorado River Indian Tribes (CRIT), who have ancestral ties to the site, also asked that 
construction of the project be halted until further studies are conducted. In addition, the La Cuna 
de Aztlan Sacred Sites Protection Circle raised the possibility of taking legal action based on the 
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project’s possible impacts to Native American artifacts as well as its impacts on wildlife, 
including nearby desert kit foxes, some of which have contracted distemper.376  

Much of the concern associated with the project’s impacts to these resources pertains to BLM’s 
“fast-track” process, which opponents say moved too quickly and did not adequately avoid 
adverse impacts. As stated in a January 2012 letter from CRIT Chairman Eldred Enas to BLM: 

The fast-tracking approach has resulted in short-reviews, poor consultation 
practice, and needless conflict, causing all concerned undue hardship, and failing 
to adequately protect invaluable, irreplaceable resources of many varieties. With 
so many proposals to monitor, and the flood of new project applications 
overwhelming the staff of BLM Field Offices all over the region, CRIT feels it 
must be proactive in the protection and oversight of cultural resources in the 
area…. The Tribe believes that needless disturbance of significant cultural 
resources has occurred at the Genesis site, and that these unfortunate outcomes 
are like to occur again and again if the “fast-track” protocols remain in effect.377  
 

Ultimately the tribe and NextEra were able to resolve these concerns through a mitigation 
agreement and construction on the project has continued.378 Nevertheless, claims such as those 
made by CRIT have the potential to delay or possibly derail a project if they are not adequately 
addressed.379  

6.2.5 Project Status 
The Genesis Project demonstrates a number of key points about CSP development in the 
Southwest. First, it underscores an overall trend in the Southwest, especially in California, that 
appears to favor dry cooling and other alternative cooling technologies. As dry cooling becomes 
more common in the region, it will likely become increasingly difficult for CSP developers to 
claim that dry cooling is economically infeasible. Using impaired waters with wet cooling also 
does not guarantee a project’s approval.  

Second, the project shows that BLM’s “fast-track” approval process remains controversial to 
some extent, which means that CSP projects approved through this process may become subject 
to lawsuits or other challenges regarding their impacts to water and other resources, even after 
they have secured the necessary right-of-way approval from BLM.  

Third, as with the Hualapai project, the Genesis project illustrates the important role that non-
water management agencies, such as CEC, can play in restricting or conditioning the water use 
of proposed CSP projects. 

Lastly, the project shows that even dry-cooled plants can raise concerns about cumulative 
impacts on a groundwater basin in delicate balance and compliance issues with the laws 
governing the Colorado River.  

6.3 Nevada – Nevada Solar One  
Acciona Energy’s Nevada Solar One plant is an example of a CSP project in the Southwest that 
has encountered comparatively few obstacles, including issues involving water. Opened for 
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commercial operation in 2007, the plant is sited on 400 acres of desert land leased from Boulder 
City, Nevada, and uses parabolic troughs to produce about 50–64 MW of energy per year at a 
cost reported to range from $0.15–$0.17/kWh. All of the project’s power is sold to Nevada 
Energy through a long-term power purchase agreement.380  

The project cost about $266 million to build over the course of 16 months with a workforce that 
averaged 400 and peaked at 850. There are 28 permanent jobs. At the time of its construction, the 
project was the largest solar thermal energy project to be built since 1991.381  

6.3.1 Project Water Use 
Nevada Solar One is wet-cooled and has historically used about 400 acre-feet of water per year. 
Unlike other CSP plants, it uses potable water under a water service agreement with Boulder 
City. The city’s water supply consists of Colorado River water withdrawn from Lake Mead.382  

The city and the project executed their first water service agreement in 2003, which required the 
city to provide the project with: (1) a continuous flow rate of 325 gpm; (2) minimum pressure of 
25 pounds per square inch; (3) water quality equal to the quality of potable water supplied to 
residents; and (4) up to 300 acre-feet per year. Like other water users, the project’s water rates 
are determined in accordance with the applicable portions of the city code.383 

The parties have since amended and restated the agreement several times to account for a 
proposed expansion of the project. In 2007, the parties agreed to increase the amount of water 
project to the plant to 450 gpm and 415 acre-feet per year. Although the city had sufficient 
amounts of water to cover the increase, most of the capacity in its potable water line had been 
allocated to another power project, and the city did not want to obligate itself to provide amounts 
of water that were above the capacity of its existing line. To overcome the city’s concerns, 
Nevada Solar One agreed to construct a raw water line to a nearby quarry that relies on potable 
water. With the installation of the new line, the quarry could rely on raw water supplies, thereby 
freeing up potable water for use by Nevada Solar One.384  

Although the deadline to construct the raw water line to the quarry has since passed, the city has 
not demanded that Nevada Solar One construct the pipeline because the parties had been 
working cooperatively to explore the possibility of providing reclaimed wastewater to the 
project. Nevertheless, Nevada Solar One eventually opted not to enter into a contract to use 
wastewater, asking instead for an extension and permission to transfer the responsibility to build 
the pipeline to its parent company, Acciona.385 

In July 2012, the city approved a contract that transferred Nevada Solar One’s obligation to build 
the pipeline to Acciona. Under the contract, Acciona agreed to complete the pipeline by 
December 31, 2012, or pay the city $2 million to design and construct the pipeline to the quarry 
itself. The parties further agreed that if Acciona exercised an option to expand the project and 
needed to utilize raw water from the quarry pipeline, the company would construct another water 
supply line that would connect the quarry pipeline to the option property or pay the city an 
additional $2 million to construct the pipeline.386  

In conjunction with the Acciona agreement, the city also approved a separate water service 
agreement with Nevada Solar One that increased the city’s water service commitment from 450 
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gpm to 500 gpm. This agreement also gave the city the option of providing Nevada Solar One 
with a one-year advance notice to reduce its potable water consumption from 415 acre-feet per 
year to 50 acre-feet per year. In lieu of the reduced potable water supplies, the city would 
provide 425 acre-feet of raw water instead.387  

6.3.2 Siting Considerations 
Nevada Solar One’s location on city-owned land about 15 miles from downtown Boulder City is 
a relatively unique feature that distinguishes the project from other CSP plants, which are often 
located far from population centers. This is due in part to the fact that the city encompasses over 
200 square miles and is the largest incorporated community in Nevada but has a relatively small 
population of around 16,000. In comparison, Las Vegas comprises 136 square miles and is home 
to 584,000 people.388  

The project is also located within an “energy zone” the city has created to attract renewable 
energy development. The city began planning to attract solar energy development in the mid-
1990s and originally amended its charter to set aside 3.5 square miles (2,200 acres) for solar 
development. It has since set aside over 12.5 square miles (8,000 acres) as an “energy zone.” The 
city leases portions of this land to various energy projects such as Nevada Solar One and the 58-
MW Copper Mountain One PV plant. Additional solar projects are also planned.389  

Because the city owns the land on which Nevada Solar One and the other projects will be built, 
project developers are able to avoid the lengthy process and expense of building on federal land. 
Although the city does its due diligence to avoid environmental impacts, it does not require the 
types of environmental studies required by NEPA, which appeals to some developers.390 

The location of the plant within the city limits also makes it financially feasible for the plant to 
connect to the city’s water supply. By receiving water through the city, Nevada Solar One was 
able to avoid many of the water rights conflicts and groundwater pumping concerns associated 
with other CSP projects. Namely, by relying on city water, the project did not need to acquire its 
own water rights, thereby avoiding the time, expense, and opposition often associated with 
applications to appropriate water or acquire existing water rights.  

Nevertheless, the project ultimately relies on water from the Colorado River, which is under 
increasing strain due to drought and increased demands in the Southwest. If the city’s water 
supply is strained or curtailed for these or other reasons, such limitations could theoretically 
hinder its ability to provide water to the project or possibly lead to objections about the project’s 
use of potable or raw water supplies.  

However, the city reports that it has “plenty of water allocation remaining” to serve the project 
throughout its design life. This is due in part to the fact that the city operates with minimal to no 
growth and has a “very strong desire” to stay small. Moreover, the city has set limits on potable 
uses in its latest requests for proposals from solar companies.391 

It is also important to note that unlike other CSP plants, which are often proposed for remote 
areas of the desert, Nevada Solar One was built in an area in which three transmission lines were 
already in place in close proximity to an existing gas power plant. A substation that transmits 
energy to Los Angeles is also located in the city. This reduced costs and eliminated many of the 
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concerns that other, more remote CSP projects experienced with securing connections to 
transmission lines.392  

6.3.3 Economic Impacts to Boulder City 
Acciona’s lease payments for the use of city land for the Nevada Solar One project provide about 
$700,000 per year to the city’s general fund. These payments will rise over the 40-year term of 
the lease in accordance with the Consumer Price Index. In 2007, the lease payments totaled 
about 2.3% of the city’s total budget at the time. The project’s property tax payments, which are 
paid to Clark County, also total around $400,000 per year.393  

The lease payments from Nevada Solar One and other existing and proposed energy projects on 
city land have the potential to generate a significant amount of income for the city. According to 
some projections, the city will collect about $12 million per year in lease payments once planned 
projects are brought online, or over $480 million over the life of the projects’ contracts, which 
range from 20–50 years. In 2011, the city’s budget was roughly $25 million, which means that 
the leases could increase its revenue by 50%.394 Additionally, two of the proposed projects have 
made upfront payments of $3.5 and $5 million.395  

In his 2012 state of the city address, Boulder City Mayor Roger Tobler said payments from the 
Nevada Solar One project and other projects in the Energy Zone would be an “invaluable asset” 
that would enable the city to: (1) eliminate its debt; (2) restore capital reserves and other city 
funds; (3) rebuild the ending balance of its general fund; (4) stabilize the city’s revenue stream 
“for years to come;” and (5) cover rising infrastructure and maintenance costs without raising 
rates to residents. Tobler further noted:  

These developments are also perfect partners for our small town in that they 
utilize green technologies and have little demand on City resources, so they only 
impact the quality of life in our community in a positive way. Boulder City is very 
pleased to work with Nevada Solar One and Copper Mountain Solar One. Both of 
these companies have been excellent community partners in every way.396  
 

Notwithstanding these impacts to the city’s finances, some reports indicate that the project’s 
construction and operation have had relatively little impact on the city’s economy. This is due in 
part to concerns that many of the workers for the project came from the larger Las Vegas 
metropolitan area or elsewhere rather than the city itself, which is comprised of an older, 
educated populace that may not have had the skills or desire to work on the plant’s construction. 
Furthermore, the small number of permanent jobs and the possibility that workers may have 
lived elsewhere in the region in light of the city’s relatively high rents likely resulted in minimal 
economic impacts associated with the plant’s operation.397  

6.3.4 Public Opinion  
The Nevada Solar One project received relatively little, if any, public opposition. When the city 
released its request for proposals to build a solar project in 2003, which ultimately led to the 
construction of Nevada Solar One, the possibility of the city receiving lease payments from such 
a project led many residents to view the possible construction of a CSP plant favorably. 
Furthermore, a 2010 study of the project’s socio-economic impacts found that an 
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“overwhelming” number of citizens believed the project had either positive effects or no effect 
on the city. Once again, the project’s generation of lease revenue for the city was cited as a 
“positive long-term impact.”398  

6.3.5 Project Status 
Since becoming operational in 2007, Nevada Solar One has operated without much, if any, 
controversy. This shows that it is possible for CSP plants to avoid the types of controversies 
discussed in the other case studies. However, this lack of controversy is due in large part to 
circumstances that will likely be unavailable for most CSP projects in the Southwest, namely 
access to city-owned land near existing transmission lines and the ability to acquire water 
through a municipal water system. Even in those cases where a project is located near a city, it is 
possible that the city may not have sufficient potable or raw water supplies to provide for cooling 
purposes. Nevada Solar One is also significantly smaller than many of the newer CSP plants that 
have been proposed in the Southwest and therefore requires less water.  

Nevertheless, the project does show that CSP projects, including those that are wet-cooled, can 
minimize opposition to their water use and possible impacts to environmental and cultural 
resources by selecting well-suited locations. It further shows that if sufficient and suitable city-
owned land is available, the lease payments generated by a CSP plant can provide significant 
benefits to a city’s finances that can garner support among its officials and citizens.   
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7 Conclusion and Observations 
CSP development in the Southwest has the potential to provide a renewable source of energy that 
could help move the nation toward lower carbon emissions.  

While the number of CSP plants has increased in recent years and additional plants have been 
proposed, CSP still faces challenges that could hinder its growth. Challenges not directly related 
to water issues include securing access to transmission lines and CSP’s relatively high capital 
costs compared to other energy sources may lessen its appeal to developers and utilities, 
especially when compared to natural gas and PV, which have seen significant price declines in 
recent years.  

While CSP is a relatively new technology and its costs will likely become more competitive over 
time as more plants come online, there is some uncertainty as to whether CSP will be able to 
keep pace with other technologies, especially given recent decisions by some developers to 
convert proposed CSP plants to PV.  

The ability of CSP projects to access water for cooling and other purposes adds to the uncertainty 
surrounding the future of CSP deployment in the Southwest. Specifically, the overall trend in the 
region is moving toward dry cooling as the preferred option for state and federal regulators. On 
one hand, dry cooling appears to pose relatively minor impacts to scarce water resources and 
appears to alleviate many of the concerns raised by wet-cooled plants, which could help projects 
secure faster approval and avoid costly delays and public opposition. However, depending on a 
plant’s location, dry cooling may be less efficient and therefore more costly than wet cooling. 
Even if these costs are relatively small, they still have the potential to lessen CSP’s 
competitiveness with cheaper forms of energy, primarily PV, which also uses relatively little 
water.  

There are a number of factors that could make CSP more competitive over the long-term. 
Specifically, CSP’s costs are dependent on the capital costs of its facilities rather than on fuel 
costs, which could make it more competitive if the prices of natural gas or other fossil fuels 
increase or fluctuate widely due to increased demand and other factors. Furthermore, increased 
water prices due to competing demands could raise the cost of wet-cooled fossil fuel plants, 
thereby making dry-cooled CSP plants more competitive. At the same time, CSP’s ability to 
store energy and provide grid services could allow it to complement and enable the further use of 
more variable renewable energy sources, such as PV and wind, which could increase the need 
and demand for CSP. 

Because many of the most suitable CSP sites are located on federal land, efforts by BLM and the 
federal government to streamline the right-of-way approval process may lead to increased CSP 
deployment. However, as shown in the case studies, such efforts can be more effective by 
providing adequate review of potential impacts on water resources and other environmental and 
cultural resources to lessen the potential for lawsuits and other objections that may stall or derail 
projects after they have secured right-of-way approval. BLM’s final PEIS approved in October 
2012 attempts to address environmental and cultural resources in the streamlined approval 
process, but it has not been in effect for long enough to accurately assess the effectiveness of its 
methods and strategies.  
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In light of the above, there are a number of observations regarding the use of water for CSP 
development that policymakers and project developers may want to consider when evaluating the 
feasibility and siting of a possible CSP project. These include:  

• Location: Where a project is located can have a significant impact on its feasibility and 
ability to secure federal and state approval. In general, it appears that plants located on 
undisturbed desert land can generate significant public opposition over concerns 
regarding impacts to environmental, cultural, and water resources. This appears to be 
particularly true for wet-cooled plants, although dry-cooled plants may face opposition as 
well. How much water a CSP project requires will also depend in part upon the location 
of a project, with projects located in warmer areas generally requiring more water than 
projects in cooler areas.  

• Public vs. Private Land: It appears that CSP projects located on previously irrigated 
private land (or city-owned land as with Nevada Solar One) face relatively less 
opposition to their water use than plants sited on federal land. Some developers may also 
view the process used to approve CSP plants on federal land as overly burdensome and 
time consuming, which may make private land more appealing to them. However, as is 
the case in California, many of the most suitable sites for CSP development may be 
located on federal land and private land may simply be unavailable in some situations.  

• Dry and Hybrid Cooling: Regulatory decisions in the Southwest appear to favor a trend 
toward dry cooling, which is reflected in cooling technology choices of projects that are 
under development. Projects that rely on this technology could potentially generate less 
opposition and secure faster approval, at least with respect to water. As more dry-cooled 
CSP plants are proposed in the Southwest, developers could have a harder time showing 
that dry-cooled projects are economically infeasible or disadvantaged compared to other 
CSP projects. However, even if the extra costs associated with dry and hybrid cooling are 
relatively small, questions remain as to how these costs impact CSP’s competiveness 
with other, cheaper sources of energy, such as PV.  

• Wet Cooling: Although wet-cooled plants face more regulatory obstacles and tend to 
have greater public opposition than their dry-cooled counterparts, there do appear to be 
some situations in which wet cooling is feasible. Specifically, projects located on private, 
previously irrigated land that use less water than the previous agricultural uses appear 
more likely to secure regulatory approval and generate less opposition. The Nevada Solar 
One project also shows that wet-cooled plants near population centers may be feasible if 
they can use municipal water supplies or city-owned land, provided that such resources 
are available and the infrastructure needed to supply water to a plant is not too costly.  

• Water Mitigation: Both dry-cooled and wet-cooled CSP plants could face increasing 
pressure to minimize and mitigate their water use, even if they intend to rely on impaired 
or other non-potable water resources, as use of these sources may impact other water 
supplies.  

• Indirect Export of Water: Wet-cooled projects that export energy to other states could 
face increasing opposition over concerns that such projects are essentially exporting a 
state’s water resources. This concern appears to be heightened in situations where the 
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energy and water is exported to another state that would likely prohibit the use of wet 
cooling for new CSP plants. 

• Economic Impacts: CSP has the potential to provide significant economic benefits to 
local communities, counties, and states. These economic benefits must be evaluated in 
the context of the other impacts of CSP development.  

• State and Federal Policies: State and federal policies have the potential to encourage CSP 
development, as shown by the number of CSP projects proposed in response to state 
RPSs and DOE’s loan guarantee program.  

• Colorado River: CSP plants located near the Colorado River have the potential to raise 
concerns that the groundwater they withdraw could be replaced by river water, which 
would require an entitlement under the Law of the River. Acquiring an entitlement or 
proving that an entitlement is not necessary can add to the costs and time needed to 
approve and construct a project.  

• Utility and Energy Commissions: In many cases, state agencies, such as the ACC or 
CEC, will likely play a critical role in evaluating and approving a proposed CSP project’s 
water use. This is particularly true for projects that rely on groundwater in California or 
on groundwater located outside of an AMA in Arizona, where permits from state water 
management agencies are not required to withdraw groundwater.  

• Transmission Planning: The lack of available transmission capacity in the Southwest 
could play a limiting factor on CSP development in the region. Moreover, given the 
relatively high cost of CSP compared to other energy sources, it may be difficult to 
justify the costs of building transmission lines to a single CSP plant located in a remote 
location when other types of power plants can be built closer to existing transmission 
lines. Consequently, CSP plants may need to be built near existing transmission lines 
(where possible) or near other CSP projects to be feasible. 

  



68 

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

Appendix: Status of Utility-Scale CSP Projects in the 
United States  

The following tables provide information regarding ground-mounted CSP and PV solar plants 
that are 1 MW and larger and are operating, under construction, under development, or 
otherwise proposed.  

The tables are based primarily on information from the Solar Energy Industries Association 
(SEIA) and NREL, with additional input provided from the Southwestern states.399 The tables 
rely on information from SEIA and NREL, most of which is current as of August15, 2014. 
Please note that not every project identified as “under development” will be completed and some 
of these projects may have stalled in their development.  

Tables A-3, A-4, and A-5 summarize specific CSP projects that are operational, under 
construction, and under development or otherwise proposed in the United States. Where 
possible, these tables include information on the types of cooling technologies proposed for these 
projects, as well as their expected completion or start dates. 
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Table A-1. Overview of Utility-Scale CSP and PV Project Capacity in the United States400 

Technology Operating Under Construction Under Development/ 
Proposed 

Total Solar Pipeline 

CSP 
 

24 Projects 
1,495 MW 

4 Projects 
366 MW 

11 Projects 
3,240 MW 

39 Projects 
5,101 MW 

PV 403 Projects 
6,519 MW 

68 Projects 
2,451 MW 

256 Projects 
21,412 MW 

727 Projects 
30.382 MW 

Total 427 Projects 
8,014 MW 

72 Projects 
2,817 MW 

267 Projects 
24,652 MW 

766 Projects 
35,483 MW 

 
 Table A-2. Percentage of MW Capacity in the United States for CSP and PV401 

Operating Projects Projects Under Construction Projects under Development Total Pipeline 

CSP – 19% (MW) 13% (MW) 13% (MW) 14% (MW) 

PV – 81% (MW) 87% (MW) 87% (MW) 86% (MW) 

 
Table A-3. Operational CSP Plants402 

State Developer Project Electricity 
Purchaser 

City/County Technology/Cooling Land 
Type 

Online 
Date 

Capacity 

AZ Abengoa Solana Generating 
Station 

AZ Public 
Service 

Gila Bend Trough/Wet-cooled Private 2013 280 

AZ Solargenix Saguaro Solar Power 
Plant  

AZ Public 
Service 

Red Rock Trough/Wet-cooled Private 2005 1 

CA Ausra Kimberlina Solar 
Thermal Plant 

CA’s Wholesale 
Market 

Bakersfield Linear Fresnel Private 2009 5 

CA BrightSource 
Energy 

Ivanpah Solar Electric 
Generating System I 

Pacific Gas & 
Electric 

Barstow Tower/Dry-cooled Public 2014 126 

CA BrightSource 
Energy 

Ivanpah Solar Electric 
Generating System II 

So. CA Edison Barstow Tower/Dry-cooled Public 2014 133 
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State Developer Project Electricity 
Purchaser 

City/County Technology/Cooling Land 
Type 

Online 
Date 

Capacity 

CA BrightSource 
Energy 

Ivanpah Solar Electric 
Generating System III 

Pacific Gas & 
Electric 

Barstow Tower/Dry-cooled Public 2014 133 

CA eSolar Sierra Sun Tower So. CA Edison Antelope 
Valley 

Tower/Wet-cooled Private 2009 5 

CA Luz Solar Energy 
Generating Systems 
(SEGS) IX 

So. CA Edison Kramer 
Junction 

Trough/Wet-cooled  Private 1991 80 

CA Luz SEGS VIII So. CA Edison Kramer 
Junction 

Trough/Wet-cooled Private 1990 80 

CA Luz SEGS VI So. CA Edison Kramer 
Junction 

Trough/Wet-cooled Private 1989 30 

CA Luz SEGS VII So. CA Edison Kramer 
Junction 

Trough/Wet-cooled Private 1989 30 

CA Luz SEGS V So. CA Edison Kramer 
Junction 

Trough/Wet-cooled Private 1988 30 

CA Luz SEGS III So. CA Edison Kramer 
Junction 

Trough/Wet-cooled  Private 1987 30 

CA Luz SEGS IV So. CA Edison Kramer 
Junction 

Trough/Wet-cooled  Private 1987 30 

CA Luz SEGS II So. CA Edison Daggett Trough/Wet-cooled  Private 1986 30 

CA Luz SEGS I So. CA Edison Daggett Trough/Wet-cooled Private 1985 14 

CA MMR Power 
Solutions 

Mt. Signal Solar SDG&E Imperial 
Valley 

Trough  2014 49 

CA NextEra Energy 
Resources 

Genesis Solar Energy 
Project 

Pacific Gas & 
Electric 

Riverside 
County  

Trough/Dry-cooled Public 2014 250 

CA Soitec Solar 
Development 

Newberry Solar 1  San 
Bernardino 
County 

Trough/Wet-cooled  2013 2 

FL Florida Power Martin Next Generation FL Power & Martin Trough/Wet-cooled Private 2010 75 
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State Developer Project Electricity 
Purchaser 

City/County Technology/Cooling Land 
Type 

Online 
Date 

Capacity 

& Light Co. Solar Energy Center Light Co. County 

HI Sopogy Holaniku at Keahole 
Point 

HEILCO Kona Trough/Wet-cooled Private 2009 2 

HI  Sopogy Kalaeloa Solar One  Oahu   2013 5 

NV Acciona 
 

Nevada Solar One NV Energy Boulder City Trough/Wet-cooled Private 2007 64 

NV Acciona Nevada Solar One 
Expansion 

NV Energy Boulder City Trough/Wet-cooled Private  2009 11 

Total 24 Plants 
1,495 MW 

Table A-4. CSP Projects Under Construction403 

State Developer Project Electricity 
Purchaser 

City/County Technology/ 
Cooling 

Land 
Type 

Start 
Year 

Capacity 

AZ Arreva TEP’s Sundt Boost 
Project 

Tuscon Electric 
Power 

Tuscon Fresnel/Wet-
cooled 

Private Unknown 5 

CA Abengoa Mojave Solar Pacific Gas & 
Electric 

San 
Bernadino 

Trough/Wet-
cooled 

Private 2014  250 

NV SolarReserve Crescent Dunes Solar 
Energy Project 

NV Energy Nye County Tower/Hybrid Public Unknown 110 

UT Infinia 
Corporation 

Tooele Army Base  Tooele Dish/Engine/ 
Wet-cooled 

Public Unknown 1.5 

Totals  4 Plants 
366.5 
MW 
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Table A-5. CSP Projects Under Development404 

State Developer Project Electricity 
Purchaser 

City/County Technology/ 
Cooling 

Land Type Capacity 

AZ Albiasa Kingman Project Unknown  Kingman Trough/Wet-
cooled 

Private 200 

AZ SolarReserve Crossroads Solar 
Energy Project 

Unknown Gila Bend Tower/Wet-
cooled 

Private 150 

AZ SolarReserve Quarzsite Solar Energy 
Project 

Unknown La Paz County Tower/Dry-
cooled 

Public 100 

CA BrightSource 
Energy 

Sonoran West So. CA Edison Riverside Tower/Dry-
cooled 

Private 540 

CA BrightSource 
Energy/Abengoa 

Palen Solar Power 
Project 

So. CA Edison Desert Center Tower/Dry-
cooled 

Public 500 

CA NextEra Energy Beacon Unknown California City Trough/Wet-
cooled 
(Reclaimed 
Water) 

Private 250 

CA SolarReserve Rice Solar Energy 
Project 

Pacific Gas & 
Electric 

Riverside County Tower/Dry-
cooled 

Private 150 

CO SolarReserve Saguache Solar Energy 
Project 

Unknown Saguache County Tower/Dry-
cooled 

Private 200 

NV BrightSource 
Energy 

Coyote Springs 1 Pacific Gas & 
Electric 

Coyote Springs Tower/Dry-
cooled 

Private 200 

NV BrightSource 
Energy 

Coyote Springs 2 Pacific Gas & 
Electric 

Coyote Springs Tower/Dry-
cooled 

Private 200 

NV BrightSource 
Energy 

Apex-BSE Unknown Clark County Tower Public 750 

11 Plants 
3,240 MW 
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