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*91 SOLAR ENERGY’S CLOUDY FUTURE
ABSTRACT
With governments and environmental groups both clamoring for clean alternatives to fossil fuels, the future of solar energy
looks bright. To date, however, solar power produces less than one percent of the U.S.’s electricity needs and, despite
unprecedented subsidies since the 2009 passage of the American Recovery and Reinvestment Act, very few utility-scale solar
projects have broken ground. Solar remains an emerging technology not yet price competitive with fossil fuels, but this
efficiency gap alone does not account for the lack of a burgeoning utility-scale solar market--especially when subsidies are
considered. Instead, as this article explains, large land and water requirements for utility-scale solar technologies, the
arduous permitting process required for proposed sites on public lands, disincentives created by a preference for agriculture,
and stringent objections from politicians and environmentalists toward actually siting utility-scale solar projects better
explain the state of solar power in the United States. This article will suggest that solar companies would be wise to focus
their efforts to site their projects on private or tribal lands. And, it will suggest that, if solar is ever going to contribute
significantly to this country’s energy needs, we must minimize disincentives and strike a balance between the opposing
environmental goals of preserving pristine land and reducing carbon emissions.
*92I. INTRODUCTION
The future of solar energy looks bright. The environmental community is united behind the idea of an emissions-free,
renewable alternative to fossil fuels, and a flurry of new companies, spurred partially by an infusion of venture capital from
Silicon Valley, is lowering the costs of solar with creative inventions and improved technologies. 1 Worldwide, companies
from Spain to China are entering the solar energy field. In 2009, a Chinese solar energy company, Suntech, announced plans
to build a photovoltaic plant in the United States2 and, in 2010, selected Goodyear, Arizona as its first American-based solar
panel manufacturing site.3 A host of U.S. companies, such as BrightSource Energy and Tessera Solar North America, are
currently involved in developing utility-scale solar projects domestically as well.4
The U.S. government has also demonstrated a strong interest in renewables and is subsidizing solar energy, especially
through the American Recovery and Reinvestment Act. 5 Various state legislatures, in similar fashion, have offered
inducements to develop solar energy projects, both at the residential and utility scale.6 Twenty-nine states and the District of
Columbia have renewable portfolio standards (RPS) that require utility companies to produce or acquire some portion of their
marketable energy from renewable supplies, such *93 as solar or wind,7 and Congress is attempting for the fifth straight
session to establish a national RPS, a major step already taken by other industrial nations such as Japan. 8 Many local
governments have also created incentives for both citizens and utility companies to install solar. In 2005, Tucson, Arizona,
for instance, began to award permit fee reimbursements of up to $1,000 for builders who install approved solar energy
systems.9
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Additionally, the U.S. Department of Defense (DOD) has shown a substantial interest in producing its own renewable
supplies for various military installations, including Nellis Air Force Base in Nevada, Luke Air Force Base near Phoenix, and
Davis-Monthan Air Force Base in Tucson, Arizona. At Nellis, DOD activated a 72,000 panel photovoltaic array in 2007 that
is expected to provide 25 percent of its power needs10 and Luke Air Force Base recently announced plans for a 17 megawatt
solar plant.11 In the coming year, Davis-Monthan expects to add 14.5 megawatts of solar capacity to the 9.3 megawatts it has
already installed making it the largest solar-generating base in the DOD.12
Perhaps equally important in the current recession, solar power is creating jobs. In the area of photovoltaics (PV) alone,
growth has been unprecedented. While the number of companies involved with traditional forms of power generation--from
nuclear to coal--has remained relatively constant, the number of new companies dealing primarily in PV grew by 347 percent
from 1999 to 2008 while providing job increases of nearly 560 percent. 13 In a single year, from 2007 to 2008, the number of
companies involved with PV grew from 136 to 206, a growth of more than 50 percent. 14 All in all, in 2008, 89 large-scale
solar thermal or *94 photovoltaic generation facilities were operational in the United States15 producing approximately 864
thousand megawatt hours of electricity.16 By the end of 2010, the Obama Administration expects that another 38 facilities will
be running, adding another 613 megawatts17 of clean, renewable energy to the nation‘s electrical power supply18 while also
providing an increase in lucrative “green collar” jobs.19
Thus, the solar power industry is uniquely positioned to help the United States reach its energy and economic goals and avoid
the worst effects of climate change and global warming. But there are storm clouds on the horizon. As a matter of
fundamental economics, solar power remains an emerging technology that is not competitive with fossil fuels. And while the
idea of solar energy is appealing to every environmental organization, the reality of siting specific projects has turned out to
be a contentious issue. The land mass required for utility-scale solar power installations is enormous.20 The plants are usually
located far from urban areas, requiring upgrade or replacement of existing transmission lines--another contentious issue.21
And finally, there is the problem of water, which is intricately connected with the demand for energy. 22
In 2006, the U.S. Department of Energy predicted that the country‘s demand for energy will grow by 53 percent over the next
twenty-five years.23 The National Energy Policy Development Group calculated in 2001 that the country will need 393,000
megawatts of new electrical power capacity24 by 2020.25 That amount of power would require that we build *95 more than
one power plant per week for the next twenty-five years.26 Yet, since 2007, Georgia, Idaho, Arizona, and Montana have
denied permits for new power plants because there was not enough water to run them. 27
The United States’ energy policy has almost totally ignored the water demands associated with various kinds of energy
production. The energy industry consumes substantial quantities of water and the water industry, in turn, needs substantial
quantities of energy. The roughly 60,000 water systems and 15,000 wastewater systems in the United States use about three
percent of the nation‘s electricity to deliver and treat water and wastewater. 28 And global climate change is expected to put
strains not only on the availability of fresh water but also on the amount of energy generated by our hydroelectric facilities.29
Our thirst for energy to power our cell phones, light our homes, feed our Internet inquiries, and run our automobiles seems
unlimited.30 But our water supply is not.31
This article will first explain, in Part II, the water and land uses associated with various types of solar energy production, and
compare the pros and cons of photovoltaic versus concentrated solar power. It will then address the economics of the industry
in Part III, focusing special attention on the importance of government subsidies and RPS plans to assess the viability of a
predominantly solar future. This future depends, in part, on the recently released rental rates for public land usage determined
by the Bureau of Land Management (BLM). In Part IV, the article will discuss the arduous permitting process for siting solar
plants on public lands while assessing the shortcomings of the BLM‘s Programmatic Environmental Impact Statement
(PEIS). Part V will address the various environmental and political objections that have arisen in relation to siting solar
projects, and will argue that some projects on public lands should be built, especially on lands with a history of use, such as
by off-road vehicles, that has compromised those lands as high-quality habitat. Finally, by looking beyond public lands, Part
VI will suggest as an alternative, the desirability of solar companies focusing their development efforts on private and tribal
lands. *96 The reallocation of both land and water from existing low-value farms to new solar production facilities offers a
viable political, environmental, and economic alternative to siting projects on federal lands.
Ultimately, the article will attempt to show that--though the clouds on solar energy‘s horizon are dark and ominous--the
future of solar power can be a bright one. It will take a major reorientation of federal incentives, an increasing commitment to
the research and development of improved solar technologies, and a willingness of local citizens and environmental
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organizations to accept a significant number of solar projects on both private and public lands near their communities. If solar
is ever to become more than a marginal force in this country‘s commitment to greener energy production, we must provide
enhanced financial incentives to solar companies, utilities, and consumers; we must ensure that our environmental permitting
system provides a deliberate, transparent process that does not erect endless and innumerable obstacles to actually siting
renewable power projects; and we must recognize that solar energy has amazing potential to help us address climate change
if, and only if, we address the money, land, and water issues associated with solar power.
II. SOLAR POWER TECHNOLOGIES, WATER CONSUMPTION, AND LAND FOOTPRINTS
It seems sensible to locate utility-scale solar facilities in the American Southwest, which obviously enjoys an abundance of
sunshine. But some solar technologies use enormous quantities of water, a scarce resource in deserts. And all utility-scale
solar projects, no matter their fundamental technologies, require large tracts of land.
A. Water Use for Various Solar Technologies
There are two basic kinds of solar power systems: photovoltaic cells (PV) and concentrating solar power (CSP). The first
type, PV, converts solar radiation directly into electrical current. 32 On the upside, photovoltaic systems require a minimal
amount of water (essentially to wash periodically the solar panels and operating equipment) and can be built in stages--a
major incentive for private companies requiring short-term profitability.33 Additionally, PV systems need not be built to
utility scale. With continued improvement in “smart metering” and “smart grid” technology, private residents will continue to
benefit from installing these solar panels while the owners of warehouses and urban commercial buildings may be able to
install larger PV arrays on their rooftops to offset operational costs and create revenue by selling energy back to the grid.34 On
the downside, however, PV *97 systems present a major intermittency problem as PV cells are currently incapable of storing
the energy they produce.35 Thus, when the sun is absent, either from uncooperative weather or darkness, PV cells are largely
ineffectual.
The second type of utility-scale solar technology is CSP. A major advantage to CSP plants is their ability to address the
intermittency problem that is such a liability for PV systems. Using thermal storage, hybridization with natural gas, or molten
salts, CSP facilities can dispatch power to the grid even after the sun has set. 36 CSP plants employ four different approaches:
solar trough; linear Fresnel; power tower; and dish/engine. 37 The first three use a steam cycle whereby an energy source is
used to generate enough heat to boil water, to create exhaust steam, to spin a turbine that generates electricity. 38 These three
CSP technologies operate like coal, natural gas, or nuclear plants with one exception--the CSP technologies use the sun‘s heat
instead of coal, nuclear fuel, or natural gas to boil water and begin the generation process.39
All power plants involving a steam cycle use water to create steam. This water is highly purified and continuously recycled. 40
The steam cycle begins when a heat source (here, concentrated sunlight) is applied, turning water into steam. The steam then
turns the turbines, generating electricity.41 After leaving the turbines, the steam is passed through a *98 condenser where it is
cooled and condensed into liquid water.42 This liquid water is then returned back to the heat source to begin the steam cycle
once again.43
Because the water in the steam cycle is continuously recycled, the amount of water consumed by the steam cycle itself is
quite small. On the other hand, substantial quantities of water are generally used in the cooling cycle. 44 In most cooling
cycles, cooling water is passed through the condenser where it picks up heat from the hot steam. The ultra-pure steam does
not mix with the cooling water.45 Rather, as the hot steam comes into contact with cool tubes of cooling water inside the
condenser, the heat from the steam is transferred to the cooling water.46 This heat transfer warms up the cooling water as it
simultaneously cools and condenses the steam.47 Appendix 1 shows diagrams of water-cooled solar power plants.
In an “open-loop” cooling system, cooling water is passed through the condenser only once before being returned to the
environment.48 Large quantities of cooling water are removed from a river or other large body of water in an open-loop
system. However, nearly all of that water is quickly returned, albeit at a higher temperature. 49
In a “closed-loop” cooling system, the cooling water is not returned to the environment but is recycled after passing through
the condenser. Although the cooling water is recycled, significant quantities are lost with each turn of the cycle. This occurs
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for two reasons. First, before the cooling water can be reused, it must itself be cooled. In drier climates, this cooling generally
occurs in large cooling towers,50 where a significant portion of the water is intentionally evaporated to chill the water. 51 Much
as the human body is cooled by sweat that evaporates from the skin, some of the cooling water must evaporate in order to
cool the water that remains. A second reason why cooling water is lost in a closed-loop system has to do with the fact when
water evaporates it leaves behind natural salts.52 Left unchecked, these salts would reach concentrations so high that they
would damage the equipment. In order to prevent such a problem from occurring, a portion of the cooling *99 water must be
discharged from the cooling cycle (called “blowdown”) and replaced with fresh water.53
A third cooling system is air or “dry-cooling” which does not use any cooling water. Here, steam cools by transferring its
heat through the walls of the condenser directly to the surrounding air. 54 The process is similar to a car‘s radiator which
transfers heat to the air under the hood or (when the driver turns on the radiator) to the air in the passenger compartment of
the vehicle. Although effective when ambient air temperatures are low (such as in the winter), air/dry-cooling is less efficient
in the hot summer months ––– especially in desert areas where temperatures frequently exceed 120 degrees. 55 One power
plant using air/dry-cooling technology was found to produce five percent less energy over the course of a year, thereby
increasing the electricity cost seven to nine percent over a water-cooled plant.56 Appendix 2 shows a diagram of a dry cooled
solar power plant.
One problem associated with closed-loop, wet-cooled CSP plants is water consumption. Table 1 summarizes the “Water Use
Intensity”--the number of gallons of water required at the power generation facility to produce one megawatt hour of
electricity--for various power producing technologies.

TABLE 1: WATER USE AND CONSUMPTION AT POWER PLANTS BY VARIOUS SOURCES OF ELECTRIC POWER GENERATION 57
PLANT TYPE

COOLING PROCESS

WATER USE INTENSITY (GAL/MWH)
OTHER USES58

STEAM CONDENSING
WITHDRAWAL

CONSUMPTION

Open-loop

20,000-50,000

~300

Closed-loop59

300-600

300-480

Air/Dry

0

0

Open-loop

25,000-60,000

~400

Closed-loop

500-1,100

400-720

Air/Dry

0

0

Open-loop

7,500-20,000

100

Closed-loop

~230

~180

Air/Dry

0

0

Coal Integrated Gasification Combined-Cycle

Closed-loop

~250

~200

130-140

Geothermal Steam

Closed-loop

~2000

~1400

Not Available

Concentrating Solar Power: Trough

Closed-loop

760-920

760-920

8

Air/Dry60

0

0

78

Closed-loop

~750

~750

8

Fossil / biomass

Nuclear

Natural Gas Combined Cycle

Concentrating Solar Power: Tower

~30

~30

7-10

4

Air/Dry61

0

0

90

*101 Two paradoxes emerge from this data. First, if water scarcity resulting from consumption is a major concern, why not
utilize open-loop technology as, across the board, it consumes less water than closed-loop systems? In short, despite
consuming less actual water, the other environmental hazards of open-loop systems are considerable.62 Because, in a standard
open-loop system the power plant is located near a river or other large body of water, the water reintroduced into the source is
returned at a much higher temperature than when it was originally extracted. This temperature differential can wreak havoc
on the ecosystems connected to the water supply.63
The second paradox involves closed-loop systems. If CSP plants use closed-loop thermal technologies similar to traditional
coal, natural gas, and nuclear plants, why is it that (with the exception of geothermal steam) they consume, on average, 300
percent more water? The answer is that solar plants are less efficient at electricity production, and therefore require more
water for steam production used in generating electricity through turbine electricity production. 64 Thus, utilizing data from
Table 1, it can be seen that, while a closed-loop nuclear and closed-loop CSP tower system may each withdraw 500 gallons
of water to be used for energy-production, the nuclear plant--able to achieve steam production at a much more efficient
rate--will likely consume about 350 gallons of the water while the CSP plant will consume all of it. 65 Simultaneously, the 500
gallons will be used more efficiently in the nuclear plant and will be able to produce one-megawatt hour of electricity.66 With
the CSP tower, however, the 500 gallons will likely only produce about two-thirds of a megawatt hour of electricity.67
Apart from the possibility of utilizing air/dry-cooling technology, a hybrid system that has both wet-cooling and
air/dry-cooling capabilities is possible. Though more expensive, hybrid systems are attractive because, when ambient air
temperatures are lower, air/dry-cooling can effectively be utilized and, in the summer, when high temperatures make
air/dry-cooling less effective, wet-cooling can be employed.68 Still, as a consequence of the *102 added cost of maintaining a
dual system, the overwhelming preference for utilities is wet-cooling.69
In Arizona, for instance, the U.S. Bureau of Land Management has received thirty-two requests for solar plants to be located
on federal land and twenty-eight of these plants intend to employ some form of CSP technology--many of which are likely to
be wet-cooled.70 With mounting pressure from environmental groups, politicians, and concerned citizens, however, it seems
likely that some of these projects will change their plans to embrace dry- or hybrid-cooling technology.71 Further, in
California, the California Energy Commission (CEC) is opposed to the use of fresh water for power plant cooling72 and the
Nevada State Engineer in a 2002 ruling stated:
[T]he 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 resource, if any .... 73

A fourth CSP technology has been developed by Stirling Energy Systems, which uses parabolic-shaped dish reflectors to
focus sunlight on a generating unit that produces electricity directly without requiring cooling water. 74 The first
commercial-scale Stirling dish system, developed by Tessera Solar North for a project in Peoria, Arizona, came on-line in
December 2009.75 But the disadvantage is that the technology has thus far not allowed for thermal storage, which makes it of
less use to utilities that need consistent, uninterruptable power. Still, as with PV systems and CSP technologies utilizing
air/dry-cooling, the Stirling *103 system requires significantly less water than wet-cooling systems and can be used if
economic and performance penalties can be reduced or tolerated.
B. Land Use for Various Solar Technologies
In addition to water consumption issues, the land use impacts of solar energy are considerable. Sandia National Laboratories,
a government-owned, contractor-operated (GOCO) facility run by the Lockheed Martin Corporation, has produced an
estimate of the land requirements for various kinds of electrical power generation. According to their data, to produce 1,000
megawatts of power, a coal plant requires 640-1,280 acres of land, as does a nuclear plant; a natural gas combined-cycle plant
requires at least 640 acres; but a concentrating solar thermal plant would require approximately 6,000 acres. 76 Wind power
requirements would be even higher, a staggering 46,000 acres per 1,000 megawatts. 77 Table 2 provides estimates of the land
requirements for various types of technologies.
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TABLE 2: LAND REQUIREMENTS FOR VARIOUS SOURCES OF ELECTRIC POWER GENERATION78
PLANT TYPE

PLANT SIZE (MW)

LAND AREA (ACRES)

UNUSABLE LAND SIZE

Coal/biomass or gasification w/
steam turbine

500-1000

640

640

Nuclear Steam

500-1000

640

640

Natural Gas Combined-Cycle

200-500

320

320

Geothermal Steam

200-500

320

320

Concentrating Solar

500

3000

Varies by Technology79

1000

~6000

Varies by Technology

500

23000

640 acres

1000

46000

1280 acres

1000

12160

Varies by Technology81

Wind

Photovoltaic80

*104 If the applications BLM has received for solar projects in Arizona are any indication, however, the land situation is
much, much worse. The twenty-eight CSP applications that have not significantly begun the environmental impact statement
(EIS) process have requested 425,873 acres of public land.82 These companies have estimated an aggregate generating
capacity of 18,575 megawatts.83 Assuming the applicants have not woefully overestimated the amount of land they require,
Arizona‘s new CSP systems would require *105 approximately 22,927 acres for every 1000 megawatts of power
produced84--nearly four times the amount suggested by Sandia Labs. Tucson Electric Power‘s rule of thumb for PV requires
eight acres of land per megawatt of power produced, putting the PV figure for 1000 megawatts at 8,000 acres. 85 Either way,
the landmass footprints necessary for utility-scale solar power are staggering.86
Still, as one solar company pointed out in a June 2010 report, it is now possible to build solar fields without concrete
foundations and extremely limited grading and leveling of land, allowing for vegetation in solar fields to co-exist with
mirrors.87 In the future, such technological advances may be needed in order to overcome the large land requirements for solar
energy production.88
III. THE ECONOMICS OF SOLAR PRODUCTION
Production of PV has been growing rapidly in recent years. 89 Indeed, it is the world‘s fastest-growing energy technology.90
With increasing demand, the costs for installing such systems have dropped. 91 Yet the unfortunate reality is that most PV
systems are not economically viable at utility scale when compared with other low-cost fuel options. It costs Tucson Electric
Power Company (TEP), for instance, 3 ½ to 4 ½ cents per kilowatt-hour for energy produced in its coal-fired plants; PV
systems cost 16 to 18 ½ cents per kilowatt- *106 hour.92 Arizona Public Service (APS), Arizona‘s largest utility company,
purchases power from the Palo Verde Nuclear Generating Station at a cost of 1.65 cents per kilowatt hour.93 In contrast, under
APS‘s recently completed purchase agreement with the nearby Solana Generation Station, a PV facility still under
construction, APS will buy 53 megawatts of power yearly for a decade--at a cost of approximately 14 cents per kilowatt
hour.94
6

CSP systems are potentially economically viable but, at this point, concrete data concerning costs remain unavailable as
utility-scale CSP projects are still in the preproduction stages. Nathaniel Bullard, a solar analyst at Bloomberg New Energy
Finance, has calculated that the cost of electricity at BrightSource‘s Ivanpah project, a massive CSP plant being constructed
in the Southern California desert, will be “lower than photovoltaic power and about the same as natural gas. Of course no one
knows for sure until the plant is built.”95 Thus, in all likelihood, without significant subsidies in the coming years--before
technological advances can drive the cost discrepancies between solar and other forms of power down further--even CSP
plants will prove difficult to make profitable.96
Nevertheless, thanks to the implementation of a number of renewable portfolio standards (RPS), a certain degree of
state-level subsidization is taking place. State RPSs impose a government mandate that utilities generate or acquire a certain
percentage of renewable power regardless of increased energy procurement costs to utility providers. 97 In most states, RPS
goals can be achieved by any combination of solar, wind, biomass, landfill gas, ocean, geothermal, municipal solid waste, or
hydroelectric, hydrogen, or fuel cell technologies. 98 California is the most aggressive of the American states in pushing for
high renewable portfolio standards.99 Utilities in California must generate, per legislation, 20 *107 percent of their electrical
supply from renewable sources in 2010.100 By executive order, one-third of the state‘s electricity must come from renewables
by year 2020--a major challenge for utility companies and a boon for solar energy producers. 101 Table 3 lists the RPS
standards for Western states. Though other states’ standards are less ambitious than California‘s, all states listed in this table
have made a strong commitment to renewable energy.

TABLE 3: RPS STANDARDS FOR WESTERN STATES102
STATE

AMOUNT

YEAR

ORGANIZATION ADMINISTERING RPS

Arizona

15%

2025

Arizona Corporation Commission

California

33%

2020

California Air Resources Board103

Colorado

30%

2020

Colorado Public Utilities Commission104

Montana

15%

2015

Montana Public Service Commission

New Mexico

20%

2020

New Mexico Public Regulation Commission105

Nevada

25%

2025

Public Utilities Commission of Nevada

Oregon

25%

2025

Oregon Energy Office106

Washington

15%

2020

Washington Secretary of State

In the case of TEP, Arizona‘s RPS is plainly one of the reasons why TEP has been so aggressive in developing green
alternatives to its coal-fired plants. In its 2010 Renewable Energy Standard and Tariff (REST) Implementation Plan, for
example, TEP sought approval to purchase power from FRV Tucson Solar‘s proposed twenty megawatt PV solar *108 plant
and Renewable Fuel, LLC‘s proposed five megawatt CSP facility.107 In addition, TEP is seeking to expand its PV facility in
Springerville, Arizona by 1.8 megawatts in 2010 and to begin work on a 1.6 megawatt single-axis solar tracker located at
Tucson International Airport.108
As exciting as these developments are for residents who support green technology, there are significant concerns with the
likely cost of aggressive RPS plans. While solar companies certainly benefit from the pressing mandate for renewable
energy, utility companies are left with the increased bill. Currently, consumers pay a small portion of this cost, approximately
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three dollars a month in the case of TEP, and major federal tax breaks for building solar plants help account for the rest. 109 As
end-date RPS goals approach, however, more of the additional costs will be passed to consumers, a contentious issue if there
was ever one. As the New York Times recently reported:
Even as many politicians, environmentalists and consumers want renewable energy and reduced dependence on
fossil fuels, a growing number of projects are being canceled or delayed because governments are unwilling to
add even small amounts to consumers’ electricity bills.110

In addition to RPS plans, federal tax and treasury payment incentives have helped reduce the cost of solar energy as the
federal government has introduced a number of programs in the last decade aimed at increasing the production of renewable
energy.111 In 2009, the American Recovery and Reinvestment Act granted a thirty percent tax credit for the installation of
renewable systems.112 However, new systems built after 2012 will be ineligible for this credit, and continuing incentives for
pre-existing systems (e.g. credits for providing excess power to municipal grids) are set to expire in 2016. 113 A strong
correlation between new solar projects and major tax incentives is intuitive, but the actual data are confounding. According to
the U.S. Energy Information Administration, in 2009 and 2010, *109 38 solar projects began construction.114 In the next two
years, from 2011 to 2012, another eight projects are expected to begin. 115 In 2013, though, the Administration reports that not
a single new utility-scale solar project is slotted to begin.116 There are many projects on the drawing board as solar companies
have entered numerous purchase power agreements with utilities but, as explained below, it remains unclear how many of the
proposed plants will ever be built. Thus, uncertainty about future subsidies has created disincentives for new companies to
enter the solar arena.
In June 2010, the Bureau of Land Management (BLM), stewards of much of the United States’ public land, provided its own
disincentive toward a cleaner energy future when it issued prospective rental rates for the use of BLM lands--areas that,
theoretically, could be the most cost-effective for solar companies to utilize.117 Based on regulations published by the National
Agricultural Statistics Service (NASS), rental fees will involve both a base-rent, determined by right-of-way acreage, and a
megawatt capacity fee, based on the type of project (PV, CSP, etc.). 118 The fees will vary county-by-county and, somewhat
puzzlingly, are derived from the perceived agricultural value of proposed sites. 119 In Pima County, Arizona, for instance,
where relatively little large-scale agriculture occurs, the base-rental fee for 2010 will be $15.70 per acre. 120 A few hours away
in Yuma, Arizona, however, where a number of massive, Colorado River-irrigated industrial farms are located, the
base-rental fee will be approximately twenty times as high, at $313.88 per acre. 121 BLM apparently chose to tie its rental rates
to agriculture due to an assumption that solar plants will preclude any other use of the plant‘s site.122
As a further disincentive built into the announced rental fees, BLM has opted to charge different megawatt capacity fees for
different types of solar projects. These will be: $5,256 per megawatt for photovoltaic (PV) solar projects; $6,570 per
megawatt for *110 concentrated solar power projects without storage capacity (parabolic trough, power tower and solar
dish/engine); and $7,884 per megawatt for concentrated solar power projects with storage capacity of three hours or more. 123
The logic? According to BLM, “[t]he MW capacity fee captures the increased industrial use value of the authorization, above
the limited rural/agricultural land value captured by the base rent.”124 Or, in other words, BLM will allow private developers
to use federal land that, without private capital, innovation, and ingenuity would generate no revenues to BLM on the
condition that BLM receive a large percentage of the increased worth of the land. Using different rates for the various types
of projects reflects a belief that PV projects are less efficient than CSP projects and, as a result, they are deemed less valuable
(their “capacity factor” is 20 percent, in the BLM‘s estimation, while CSP‘s is between 25-30 percent).125 To developers,
though, the message is clear: largescale PV projects, thanks to their inherent inefficiencies, will cost less in rent.
BLM‘s approach makes sense as a way to ensure an adequate return to the federal government and thus to protect the
interests of taxpayers. However, from the perspective of encouraging solar projects on federal lands, which is what Congress
mandated in the 2005 Energy Policy Act, 126 the rental standards are a deterrent to locating solar facilities on federal lands.
Additionally, Section 1701(a)(9) of the Federal Land Policy Management Act--the Act generally controlling public land use
in the United States--provides that “the United States receive fair market value of the use of the public lands and their
resources ...”127 Thus, from a legal perspective, charging differing rates for what is arguably the same “use of the public
lands,” generating solar power, is suspect.128
For a better understanding of BLM rental rates, it is helpful to apply them to one of the projects in Arizona that has been
“fast-tracked” by BLM for development. The Sonoran Solar Energy Project will be located in Maricopa County and will
require approximately 3,700 acres of land. According to the rental rates above, the acreage fee will be $696,858 a year. 129 In
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addition, the Project--a CSP system involving a parabolic trough with thermal storage capacity--is expected to have a
capacity of 375 megawatts. As a result, the megawatt capacity fee will be $2,956,500. 130 Thus, once fully operational, BLM
fees alone will cost the *111 Sonoran developers more than $3.5 million per year.131 An alfalfa farmer, on the other hand,
would pay less than $700,000 for rights to the same land! Obviously, the incentive structure here is problematic. If solar is
ever going be a viable energy alternative, BLM is going to have to stop disincentivizing it and remove its own land valuation
calculations from those appropriate for the agricultural industry or, at the least, treat farmers and solar power operators the
same and abandon megawatt capacity fees.132
Solar companies, quite simply, face future difficulties without further subsidies and the removal of disincentives. Otherwise,
our solar industry may well disappear, a situation that, until recently, seemed incomprehensible. Recent developments in
Spain offer clues as to how such a relative doomsday scenario might occur. In June 2010, solar industry executives, after
meeting with Deputy of Industry Minister Pedro Marin, announced that the government would refuse to honor prices set in a
2007 law that guaranteed fixed subsidies to companies that produce clean energy for twenty-five years.133 This move will
essentially cut the revenue of most of the country‘s PV plants by thirty percent.134 In addition, the government has announced
its intentions to significantly reduce future subsidies on solar projects that have yet to be built, virtually guaranteeing that
solar projects will no longer be a viable part of the Spanish economy. 135 Industry executives, having invested more than $22
billion in solar projects in the last three years, are understandably irate. As Tomas Diaz, director of external relations at the
Photovoltaic Industry Association in Madrid, put it: “It‘s incomprehensible that the government is doing this. We feel
cheated.”136 Diaz estimated that the decision would induce bankruptcy proceedings for most of Spain‘s 600 PV operators.137
IV. THE PERMITTING PROCESS
In the Energy Policy Act of 2005,138 Congress instructed the Department of Interior and Department of Energy to collaborate
in order to place at least 10,000 megawatts of non-hydroelectric renewable energy on federal land. 139 The act has set off a
frantic land-grab as solar and wind energy companies have rushed to obtain permits for projects in Arizona, *112 California,
Colorado, Nevada, New Mexico and Utah.140 In Arizona alone, BLM has received thirty-two solar energy applications that
would encompass approximately 466,565 acres of public land. 141 Nothing in the act, however, has changed the arduous
permitting process that companies must navigate in order to break ground on public land. 142 Currently, 585 megawatts of
utility-scale solar power are operational--all of which are on private land.143 At the end of the 2009 fiscal year, oil, gas, and
geothermal companies had received 31,133 leases for 27,800,932 acres of BLM-managed land--with 1,927 new leases issued
in 2009--while solar had received zero permits.144 Though fourteen utility-scale solar projects *113 were within striking
distance of receiving BLM permits in 2010, only eight had been permitted as of November 2010. 145
The permitting process is both time and cost intensive; one commentator has noted that preparing a single Environmental
Impact Statement (EIS) can cost millions of dollars and take up to twelve years. 146 Additionally, a coalition of government
agencies, including the National Park Service and the Fish and Wildlife Service, and environmental organizations, including
the National Resources Defense Council, have urged that solar plants be located on disturbed lands, or lands that have
already had significant use and where prior activities have ceased. 147 Abandoned mines, developed oil and gas fields, fallowed
agricultural lands, brownfields,148 former landfills, and inactive gravel pits illustrate the kinds of lands that would be desirable
to use for solar projects. In response to the concerns of environmental groups worried about land impact and businesses
fretting over the cost and length of the permitting process, BLM has:
• Removed from consideration sensitive lands, such as wilderness areas and other lands with high conservation
values;149
• Identified twenty-four Solar Energy Study Areas, where it seems most sensible to consider locating solar
power plants;150
• Embarked on a solar Programmatic Environmental Impact Statement (PEIS), aimed at addressing broad issues
of policy in connection with all applications for solar plants on federal lands. It is then hoped that, in the future,
the PEIS will enable developers to undergo a less time-consuming permit process as they will already have a
model to work from.151
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Consistent with these actions, BLM‘s Restoration Design Energy Project is attempting to identify disturbed or previously
developed sites in Arizona.152 In concept, this *114 is a great idea. In execution, the reality is somewhat different. After two
years of trying to identify such lands, BLM has come up with fifty-nine potential “wastelands” totaling 156,366 acres.153 This
sounds impressive, but in fact, only 25,360 acres of land on these proposed sites are managed by the BLM--just a tiny
fraction of the 466,565 acres of land associated with the thirty-two pending solar power plant applications in Arizona. 154
Despite setbacks, BLM has received high praise from the business community and the environmental community. Yet, the
jury is out as to how successful the PEIS will be in reducing the time between application and construction. Various factors
have delayed the release date of the draft PEIS until late 2010, which in turn will push back the release of the final PEIS until
2011 or 2012. The PEIS will identify in advance particular areas that are likely candidates for solar projects, but that general
conclusion is not going to satisfy the obligation of BLM to do an individual EIS with all of the attendant consultations with
the Fish and Wildlife Service and other requirements under the National Environmental Policy Act (NEPA). 155 A cynic might
suggest that what the PEIS will have accomplished is to say: “Here is some land where maybe we will let you build.”
Moreover, even after applicants successfully survive the EIS process, they will then need to secure approval from state public
utility commissions, something that can easily add another year to a project start-date.156
This process does not allow for the kind of swift and definitive decisionmaking that the business community needs in a world
where the time-value of money is critical and where many solar companies are thinly capitalized. In 2009, one California
solar outfit, Ausra, for instance, abandoned plans for its Carrizo Energy Solar Farm as the permitting process continued to
stall.157 Even more recently, Tessera Solar North America backed out of a planned partnership with the city of Phoenix to
build a 250-megawatt power plant on a city-owned landfill.158 Peter Wilt, Tessera‘s senior director of development, explained
that Arizona‘s utility companies have shown greater interest in smaller projects more likely to *115 receive fast-track status
for permits.159 “We‘re not getting a whole lot of traction on the market,” Wilt said.160 Smaller companies have faced similar
problems including Boulder, Colorado‘s Simple Solar, which filed for Chapter 11 bankruptcy in May 2010 161 and New
Jersey-based EPV Solar, which filled out Chapter 11 paperwork in February 2010. 162
In early 2010, in an attempt to deal with these delays, Secretary of the Interior Ken Salazar announced plans for BLM to
“fast-track” certain solar projects.163 In April 2010, BLM released its draft EIS for the Sonoran Solar Energy Project, in
Maricopa County, Arizona, a CSP trough project that would use 4,000 acres and generate 375 megawatts of power. 164 This
draft EIS could serve as a guide for future EISs and is thus a matter of considerable importance. As the preferred alternative
in the draft EIS, BLM would permit the company to have a wet-cooled solar thermal project.165 BLM considered a dry-cooled
system, but rejected it, in part, because the water is available and an analysis of the water needs of the project, between 2,300
and 3,000 acre-feet per year, would not result in a substantial drop in the water table or adverse impacts on adjacent
groundwater wells.166 This may seem controversial or even absurd, given that the project is in the desert west of Phoenix, but
with the particular hydrogeology of the site near the Gila River, there is substantial groundwater available. 167 Thus, it would
be premature to read into this draft EIS the assumption that BLM will be as sanguine when it comes to wet-cooled projects in
other areas that do not have the same access to substantial quantities of groundwater.
The draft EIS also rejected as an alternative a utility-scale photovoltaic system, in part because no PV system on this scale
has ever been constructed anywhere in the world. Here, BLM laid emphasis on the problem of PV not being dispatchable (i.e.
able to be stored). The draft EIS also rejected alternative solar technologies, including Stirling engines and power towers
because, according to BLM, they are development-stage options.168 Despite this (or possibly due to rapid advancements in
technology), APS included a proposal in its 2010 Renewable Energy Standard and Tariff (REST) Implementation Plan to
include *116 Stirling technology within the Arizona Corporation Commission‘s (ACC) approved definitions of renewable
technologies available for tax incentives.169 The ACC approved the plan170 indicating, hopefully, that BLM may soon change
its tune concerning these technologies.
A final (though major) problem with the permitting process is the issue of transmission line right-of-ways.171 The nation‘s
transmission grid is woefully outdated for the energy needs of the 21st Century. 172 What the solar industry needs, though, is
not long-term resolution of the transmission grid problem, but upgrading of certain smaller-length segments that will allow
particular projects to come on-line promptly.173 But it is a thorny problem for BLM to figure out how to allocate right-of-way
permits. In addition, the permitting, construction, and maintenance of transmission lines creates additional cost burdens that
will likely be passed to consumers. The California Public Utilities Commission has estimated, for instance, that seven new
major transmission lines will need to be built, at a cost of $12 billion, for the state to meet its 2020 RPS goal. 174 The
likelihood that such enormous costs will not affect utility rates seems, at best, far-fetched.
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V. ENVIRONMENTAL AND POLITICAL OBJECTIONS
The environmental community, for years, has invested its political capital, as well as enormous sums of money, in trying to
obtain climate change legislation and incentives for renewable energy. Every environmental organization supports the idea of
utility-scale solar projects. But the consensus breaks down when specific sites are proposed for solar plants. The idea of solar
plants seems to be more appealing than the reality. BrightSource Energy, for instance, found its Ivanpah CSP project being
resisted by the very environmental groups that had previously proclaimed their support for renewable power facilities. 175 In
this process, some national environmental organizations are at loggerheads with local chapters. 176
*117 The National Park Service is also concerned with the visual blight that will be created by incredibly tall solar towers;
BrightSource Energy‘s towers, for instance, could range anywhere from 400 to 800 feet in height. The scale of several solar
projects, as big as six square miles, is also a problem. 177 The Park Service is also worried about the cumulative impact of
multiple projects on the value and resources of the parks and monuments under its jurisdiction. 178
The environmental community has reacted with equal alarm to proposals for large numbers of wet-cooled CSP plants in the
Southwestern deserts. Even modest amounts of groundwater pumping could dry up rare and critical seeps and springs, thus
threatening endangered species.179 Environmental groups have criticized virtually every proposal for solar power plants due to
their impact on federal land, which--in addition to concerns over scarce water180--will be graded flat and sterilized in many
cases.181
To gauge how difficult it is to site a solar project on federal land, considering BrightSource Energy‘s Ivanpah project is
useful. The company thought it had found the perfect site: it is adjacent to Interstate 15, across the highway from a natural
gas power plant, next to a thirty-six-hole golf course, and five miles from a major casino and an outlet mall.182 The land itself
has been used for decades for grazing and off-road vehicles, and a dozen eight- to twelve-foot wide trails criss-cross the
site.183 A transmission corridor containing two high-voltage network lines bisects the site. The site does not contain any
Desert Wildlife Management Areas (DWMA), Areas of Critical Environmental Concern (ACEC), Wildlife Habitat
Management Areas (WHMA), or any other designated critical habitat. 184
The Ivanpah site has no endangered species, but a survey documented seventeen desert tortoises--a threatened species.185 The
BLM has classified the area as Category 3 (“least important”) habitat for the desert tortoise. The site averages fewer than four
tortoises per square mile. “Typical” habitat contains from ten to twenty tortoises and high-quality *118 habitat has 250
tortoises per square mile.186 In the Ivanpah Valley, more than 630,000 acres are already designated as critical habitat for the
tortoise.187
In the EIS process, the Center for Biological Diversity (CBD), the local chapter of the Sierra Club, and Defenders of Wildlife
(as well as other groups) intervened to express concerns about the Ivanpah proposal.188 In response, BrightSource Energy
reduced the site‘s footprint by twelve percent in order to omit an area that the environmental organizations considered
valuable tortoise habitat.189 This action also reduced the site‘s generating capacity from 440 megawatts to 392 megawatts.
That loss of forty-eight megawatts represents more than one-quarter of all the PV installed in California in 2009. 190 In July
2010, the California Energy Commission (CEC) staff report proposed a mitigation plan that BrightSource has endorsed that
will relocate the tortoises, monitor them, and fence off the relocation area from predators. 191 The CEC plan will require the
company to spend more than $20 million on this relocation effort. 192 The BLM‘s Supplemental Draft EIS endorsed this
downsized project, but CBD still considerd the project unacceptable. 193
*119 The final decision on the Ivanpah project came from the BLM in October 2010. 194 SCE and PG&E have signed purchase
power agreements (PPA) to take the electricity generated at Ivanpah. 195 In October 2010, BrightSource broke ground on the
project just before the expiration of ARRA payments (in lieu of tax credits) for construction. 196 Five other BLM projects in
California--most notably Solar Millennium‘s Blythe Solar Power Project, a parabolic trough project with 1,000 megawatts of
rated capacity, and Tessera Solar‘s Imperial Valley Project, a Stirling dish project with 709 megawatts of rated
capacity--received final BLM approval in October and November of 2010 as well. 197 These approvals (along with the
approval of NextLight‘s Silver State North project and Amargosa’s Farm Road Solar Project in Nevada 198) represent the first
utility-scale solar projects that have ever been approved on public lands. These projects, in the aggregate, will have a rated
capacity of approximately 3,500 megawatts of power upon completion199 and seemingly represent a fundamental shift in the
11

BLM‘s commitment to approving renewable energy projects on public land--a change that should be applauded.200 Important
to note, though, is that all eight of these projects had completed their Final EISs by September 2010.201 Of the other six
projects “fast-tracked” by the BLM, only one has thus far completed its Final EISs: the Silver State South project in Nevada
with a rated capacity of 267 megawatts.202 While it seems likely that this project will receive approval before year‘s end,
thereby being eligible for Stimulus money, the other five fast-track projects may be in trouble. And Arizona, *120 despite
hoping to be a national leader in solar power, does not yet have any of its thirty-two projects proposed on public lands at the
Final EIS stage, including the fast-tracked Sonoran Solar Project.203 After losing out on the $10 billion earmarked in the
Stimulus for renewable energy projects,204 it will be interesting to see how many of these projects continue with their plans to
move forward.
Economic and permitting concerns aside, the issue of transmission lines also creates interstate conflicts and resistance from
the environmental community. For example, the Audubon Society is concerned about a proposed SunZia Southwest
Transmission Project designed to carry power over two 500-kilovolt (kv) lines from central New Mexico to Phoenix, Arizona
and eventually to Southern California.205 The proposed route would be through the lower San Pedro River Valley, an area
designated “an Important Bird Area of Local Significance.”206 The project is enormous in scale. It would involve constructing
as many as 300 sixteen-story towers that would run the length of the valley with an access easement up to 1,000 feet wide,
and access roads to each of the 300 towers.207 To put this in perspective, this is nearly ten times as many sixteen-story
structures that currently exist in Arizona. The planners of SunZia have requested a one-mile-wide corridor from BLM for
future expansion. Given the scale of this project, it is easy to understand the Audubon Society‘s concern for an area that is
home to more than 400 bird species, and is one of the most important north-south migratory bird flyways in North America.208
Still, to the engineers and managers of solar power companies like BrightSource, who ardently believe they are changing the
world by producing carbon-free electricity, it is naturally frustrating to have the environmental community oppose their
specific sites. As Newsweek recently reported, the classic acronym for resistance to older power producing technologies such
as coal and nuclear, NIMBY (Not In My Backyard), has been replaced among frustrated renewable energy developers with a
newer one: BANANA (Build Absolutely Nothing Anywhere Near Anyone). 209 Speaking at Yale University in 2008,
Governor Arnold Schwarzenegger expressed his concern over this mentality: “They say that we want renewable energy, but
we don‘t want you to put it anywhere. I mean, if we cannot put solar power plants in the Mojave Desert, I don‘t know where
the hell we can put them.”210
*121 The Governor‘s comments were in response to environmental organizations’ complaints about proposed solar projects
in the Mojave Desert.211 These groups range from relatively obscure ones, such as the Center for Community Action and
Environmental Justice, to big-hitters such as the Sierra Club‘s California/Nevada Desert Committee. Terry Frewin, the
committee‘s chairman, has criticized the Sierra Club‘s national leadership for its tacit support of large-scale solar projects,
recently admonishing that “[r]emote solar arrays destroy all native resources on site, and have indirect and irreversible
impacts on surrounding wildernesses ...”212 In response, Carl Zichella, then-western renewable projects director for the Sierra
Club, said “We don‘t take a back seat to anyone in caring for the desert.”213 The Club, however, did not withdraw its support
for the project. Thus, on the national level, the Sierra Club‘s support for solar projects remains unchanged.214
At the most basic level, all undisturbed land is habitat for some species. But not all habitat is equally valuable for the
protection of critical species. Unfortunately, objective criteria do not exist for determining the size or locations of tracts of
public land that should be sacrificed for solar projects.
In December 2009, the issue of the Mojave Desert was again catapulted to national significance as Senator Dianne Feinstein
(D-CA) introduced the California Desert Protection Act of 2010 (S.2921). 215 Although still in Committee, if passed the bill
would essentially carve out another 1.7 million acres of public land for protection. Not surprisingly, based on previous
reactions to large-scale solar projects, thirteen environmental groups (from the Death Valley Conservancy to The Wilderness
Society) and the cities of Barstow, Desert Hot Springs, Hesperia, Indio, Palm Springs, San Bernardino and Yucaipa
immediately expressed their support for the legislation. 216 But it is also worth noting that some solar companies, like Abengoa
Solar, and major utility companies, have expressed support for the bill as well.
Edison International, the parent company of Southern California Edison, which provides power to 13 million Californians,
recently expressed support for S.2921 and sent its *122 Executive Vice President for Power Operations, Pedro Pizarro, to
testify before the Senate Committee on Natural Energy and Resources. Pizarro stated that “when projects impact federally
protected species or their habitat, the process for permitting renewable energy development on public lands is significantly
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slower than projects proposed on private lands, taking years instead of months. The bill addresses this inequity by allowing
projects on public lands to mitigate environmental impacts by providing funding to help purchase or rehabilitate additional
BLM lands.”217
Addressing these concerns, Senator Feinstein recently noted:
[T]he federal renewable energy permitting system [is] broken. Until recently, the BLM process has operated on
a first-come, first-serve basis. And it didn’t distinguish between a viable project and a speculative one. In fact,
over the past five years, more than 100 applications have been submitted to build utility-scale renewable energy
projects on public lands--and not a single project has received a permit. Under this status quo, no one wins.218

In the proposed bill, Feinstein has called for streamlining the BLM permitting process and for requiring the Forest Service
and the Department of Defense to research the possibility of locating solar projects on lands under their control. Whether
these additions will successfully combat the “NIMBY/BANANA” effect is hard to predict but, at the moment, the proposal is
generating substantial support, even from BLM.219 Regardless of what happens, though, something must change for the
United States to become serious about developing utility-scale solar projects.
The solar energy industry is also being buffeted by other political factors. Senator Jon Kyl (R-AZ), a former water lawyer in
Arizona, has no interest in seeing Arizona‘s scarce water resources used for power plants, when much of the power generated
in these plants would be exported to California. In May 2010, Senator Kyl‘s office issued a report, “Deploying Solar Power
in the State of Arizona: A Brief Overview of the Solar-Water Nexus.”220 To Senator Kyl, “placing additional demands on
Arizona‘s water supply in order to export ‘renewable energy’ to other states that have greater energy demands is *123
unsustainable.”221 Yet, the policy recommendations of Senator Kyl‘s report simply ask BLM to insist that all environmental
impact statements for solar projects that would use wet-cooling include an analysis of an alternative that conserves water. 222
But, of course, that is exactly what BLM did with the draft environmental impact statement of the Sonoran Solar Energy
Project--which ended up favoring a wet-cooled option.
We would go further. BLM should have a heavy presumption against allowing wet-cooling technologies on public lands. As
the process moves forward, BLM should insist that CSP plants embrace dry-cooling. Or, if they want to use wet-cooling, they
should be required to use reclaimed water from municipal treatment plants. In Arizona, this is already being done at the Palo
Verde Nuclear Station, a thermal nuclear generating plant, which uses reclaimed water from the city of Phoenix. 223 What
BLM should not do is to permit new wet-cooled CSP plants that would require drilling new groundwater wells in the Mojave
Desert.
V. SO, WHAT SHOULD WE DO?
The response from the environmental community to proposed plants on federal lands has ranged from being apprehensive
(because they like the idea of renewable projects, but will not sign on until they see the whole process played out) to total
opposition by some organizations, such as the Center for Biological Diversity (CBD) and the Alliance for Responsible
Energy Policy. To CBD, the problem is site selection. 224 It feels that it would be far better to put PV on flat roofs in urban
environments than to disturb intact desert habitat. Locating projects in proximity to end-users avoids the need for new
transmission corridors and the efficiency loss present with long-distance power lines.225
Given the problems faced by CSP in terms of water use, transmission lines, and land footprint, it seems painfully obvious to
many people, like those at CBD, that the nation‘s best solution for renewable solar is a massive system of photovoltaic cells
located on rooftops in urban areas. Just imagine if every Costco, Sam‘s Club, Wal-Mart, and parking structure had PV
systems on their roofs! Currently, Southern California Edison (SCE) has plans to do just that. In March 2010, SCE
announced plans to purchase enough photovoltaic panels to generate 200 megawatts of solar power on otherwise unused
warehouse rooftops.226
*124 Advantages to PV systems include its flexibility: they can be developed on rooftops in small-scale distributed power
systems, or as large-scale central power plants. Disturbed lands are appropriate for PV systems, allowing for their installation
with minimal impact on the existing environment. And, locating them in urban areas eliminates the transmission line
problem. Additionally, rooftop solar is becoming more popular and has been encouraged by tax credits at the state level. In
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Massachusetts, for instance, homeowners can receive a credit of fifteen percent for the cost and installation of a PV system
(up to $1,000) against their state income taxes. 227 Hawaii is even more generous providing for a credit of up to thirty-five
percent of the purchase and installation price of installing PV (up to $5,000). 228 In 2009, California‘s Solar Rooftops program
was so generous that it basically gave away the panels, and resulted in the installation of 168 megawatts of PV power
capacity.229 Some utilities have even gone so far as to team up with municipalities to provide the benefits of solar with no
capital investment on the part of their customers/residents.230 APS, for instance, will soon launch its Flagstaff Community
Power Project that will combine “distributed energy” technology with a “smart” distribution system at no additional cost to
Flagstaff residences.231
Due to certain drawbacks, PV systems will be part of the solution but not a miracle cure for our energy problems. First, even
with tax incentives, PV is expensive.232 Second, the energy industry prefers large-scale projects over distributed power
systems. Overcoming this entrenched preference will not be easy. Some utilities, such as Tucson Electric Power, seem to
have made the transition seamlessly, driven by the need to satisfy RPS requirements. Many companies, though, have not. 233
Third, there is a reason why utilities have this preference: the logistics of siting PV systems on rooftops in urban areas are a
headache. Must the utility rent the space? Buy the space? Who will install the system? How will it be operated and
maintained? These considerations deter utilities from entering into *125 innumerable contracts or other arrangements with
existing landowners of flat roofs. A fourth drawback with PV systems is the inability to generate energy when the sun is not
shining.234 A fifth drawback, and perhaps the Achilles’ heel of utility-scale PV systems as a silver-bullet solution to our
energy problem, is its extremely large land footprint as discussed in Part II(B).
In short, roof-top PV is not the cure-all solution to our energy needs. It will be very difficult for roof-top PV to reduce
significantly our reliance on fossil-fuel based electricity. Notwithstanding these limitations, PV should play an important part
in renewable energy development as we move forward. It avoids both transmission line problems and a fight over siting
systems on delicate and untouched lands. We should encourage utilities, businesses and homeowners to install PV systems by
ensuring that the level of subsidies and incentives are adequate to encourage the requisite level of installation.
Although roof-top solar may not provide a complete solution to our energy crisis, some groups, like CBD, also advocate
taking a fresh look at energy conservation.235 Of course it makes sense to save energy, but conservation will not reduce
current consumption enough to offset the predicted future demand for power. 236 Thus, other forms of renewable energy,
especially CSP projects, will be needed to meet our energy needs.
How much land is necessary for solar and wind projects depends on the objective. If the goal is to meet the RPS standards for
the electricity of a single state, say California (thirty-three percent), the numbers can be quite high. Based on 2008 retail
consumption statistics, for California to achieve its RPS goal with a mixture of one-third wind, one-third PV, and one-third
CSP, would require 656,357 acres of land, or approximately 1,025 square miles; this in a state where BrightSource‘s 3,600
acre Ivanpah project has been controversial.237 That project‘s footprint is a mere 5.6 square miles, yet California would *126
need to find at least 270 square miles for renewable CSP projects alone--the most efficient land-user of renewable
technologies--in order to satisfy its RPS standards. Of course, if the objective of establishing renewable energy projects is to
address the problem of climate change on a global scale (for example, by reducing the atmospheric concentration of CO2 to
450 parts per million) the land needs are much, much greater.
It will be extremely challenging to find enough land on which to site projects able to generate enough solar power to end
American reliance on traditional power sources such as fossil fuels. As is shown by Table 4, in 2008, for instance, 4,119,000
thousand megawatt hours of electrical power were generated in the U.S. 238 The “big four” of electricity production--coal,239
natural gas,240 nuclear241 and conventional hydroelectric power242 - accounted for 3,929,821 thousand megawatt hours, or more
than 95 percent, of this power. In contrast, CSP and PV systems combined accounted for only 864 thousand megawatt hours
of electricity - less than .02 percent of America‘s electricity needs.243 Thus, just to replace the amount of megawatt hours of
electricity currently generated by coal plants, we would need 2,300 times more power generated by solar plants.
In addition to concerns over land use, utility-scale solar power presents problems with “capacity factor”-- the measure of how
much power a project is capable of instantaneously producing versus how much power it actually produces over a set period
of time. For example, when a new solar project is proposed that is said to produce 450 megawatts of power, what is really
meant is that, if operating with perfect efficiency under ideal conditions, the plant instantaneously produces 450 megawatts of
power.244 If we add time to the equation--and are still operating at full capacity with perfect efficiency--this plant would
produce 450 megawatt hours of power every hour. In a given year, then, assuming the plant will run at full capacity, around
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the clock, and without interruption, it would produce 3,942,000 megawatt hours of electricity. 245 Due to efficiency problems,
deadweight loss from limited storage potential and technological inadequacies, and intermittency problems resulting from
darkness and inclement weather, solar power plants generally have a capacity factor (the ratio of average production to rated
capability) of twenty to thirty percent.246
*127 In 2008, the Energy Information Administration estimated that solar power projects had 536 megawatts of rated
capacity.247 If operating with perfect efficiency, these plants would have produced 4,695,360 megawatt hours of electricity.
Instead, they produced 864,000 megawatt hours, meaning, on the whole, the average capacity factor for solar turned out to be
about 18.4 percent.248 By contrast, the average capacity factor for nuclear power plants in the same time period was about
91.34 percent.249 Thus, it is important to be wary of assuming that “megawatts” and “megawatt hours” are synonymous and,
further, of failing to address capacity factor when thinking about increases in utility-scale solar. Megawatt hours give a better
picture of where solar currently stands and, further, how far it will have to go to make an impact on energy needs. Table 4
helps illustrate these concerns.

TABLE 4: POWER GENERATION IN 2008 BY ENERGY SOURCE250
TECHNOLOGY

NET ELECTRICITY GENERATION (THOUSAND
MEGAWATT HOURS)

Coal

1,985,801

Petroleum

46,243

Natural Gas

882,981

Other Gases

11,707

Nuclear

806,208

Hydroelectric Conventional

254,831

Other Renewables

126,212

Wind

55,363

Solar Thermal and Photovoltaic

864

Wood and Wood Derived Fuels

37,300

Geothermal

14,951

Other Biomass

17,734

Pumped Storage

-6,288

Other

11,692

All Energy Sources Total

4,119,388
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In light of concerns over land use, siting solar plants on already disturbed, private agricultural land is one solution and
provides a valuable avenue for reallocating land and water resources from an economically low-value activity to a
higher-value one. Solar companies can, and should, purchase land and water rights from the private sector and locate
wet-cooled CSP plants on private lands. In recent years, Arizona Public Service Company, the largest electric utility in
Arizona, has partnered with solar power companies to *128 build two large-scale CSP projects on private land.251 The land for
the Solana Generating Station currently under construction, for instance, involves utilizing more than three square miles of
land that had previously been used to grow alfalfa. 252 The plant is expected to require 75% less water than was needed for
agricultural uses.253 This reallocation of water--from farming to power generation--offers a lesson for the country as a
whole.254 As the United States confronts inevitable water shortages, we need to insist that power companies, developers, and
other water users offset the impact of their new uses by persuading existing water consumers to use less. This makes a great
deal more sense than drilling new groundwater wells on sensitive federal lands.
Not only will wet-cooled CSP plants use less water than the farms, but the revenues generated from energy production will
be many times that generated by farming. A recent study for the San Diego region found that farms in the Imperial Irrigation
District that grow alfalfa use four times as much water as would a CSP power plant, and produce alfalfa that retails for about
$600-900 per year per acre. The gross income of a 100-megawatt solar plant, at ten cents per kilowatt, is approximately
$42,000 per year per acre.255 Making the situation worse, alfalfa is grown year-round in the Imperial Valley, including during
the summer when air temperatures often reach 115 degrees. Alfalfa grown under such hot conditions has little nutritional
value, and consequently generates even less income for the farmer. 256
The message to solar companies and to electric power utilities looking to satisfy RPS rules is that it is better to locate
projects, as Arizona Public Service Company has, on private land involving the reallocation of both the land and water. This
process is easier, faster, and cheaper in the long-run for the companies and the utilities. In addition, using fallowed
agricultural land is less likely to generate resistance from environmental groups. 257
A recent example comes from California‘s Westlands Water District, one of the largest irrigation districts in the United
States. Years of irrigation have caused salt and selenium buildups that have led the federal government to request that up to
200,000 acres *129 of farmland in the district be fallowed. 258 A 2010 proposal for a Westlands Solar Park would dedicate
30,000 previously-irrigated acres for an enormous solar project, which would eventually have a generating capacity of 5,000
megawatts--easily the largest solar project in the United States. 259 To put this in perspective, the landmass involved is about
forty-seven square miles--comparable to a city the size of Anaheim or San Francisco. 260 Despite Westland‘s proposed size,
many farmers in the region are supportive of the proposal because the fallowed land would reduce water demand in the
already water-strapped region thereby assuring better water distribution among active farms. 261
Another proposal by the Los Angeles Department of Water and Power would locate a 5,000 megawatt facility on the dry bed
of Owens Lake.262 And a third proposal comes from the Cadiz Real Estate company which is considering converting more
than 10,000 acres of Mojave Desert farmland into a solar plant. 263 Each of these projects is in the early stages of development,
yet they illustrate a viable alternative to siting projects on public lands.
The California Energy Commission reports that in 2009, solar power accounted for 0.4% of Califoria’s energy production. 264
If California is ever going to reach its lofty RPS goals, it must find an additional 21,000 megawatts of rated capacity for
renewable energy.265 For solar to play a significant role in this process, though, a major amount of construction of solar plants
must occur on public lands. Although the CEC approved nearly 3543 megawatts of rated solar capacity for large-scale
projects in 2010, the Commission only has another 962 megawatts of solar capacity for large-scale projects under review.266
This tiny backlog is worrisome.
*130 Native American lands present another interesting possibility for siting solar projects. Keith Harper, a member of the
Obama-Biden transition team, has stated that “Obama‘s top energy priorities ... will be difficult to accomplish without closer
partnerships with the country‘s 562 federally recognized tribal communities.”267 Also recognizing this reality, Congressman
Raul Grijalva (D-AZ), in a 2007 hearing before the House Committee on Ways and Means, estimated the solar power
potential of tribal lands to be about 4.5 times the annual electricity needs of the United States. 268 Although his estimate seems
quite optimistic in light of the large footprint of solar projects, his sentiment is on point and highlights the fact that tribal
lands are a potentially untapped resource for solar projects. From the perspective of solar land requirements, it is worth
noting that nearly thirty-five percent of the State of Arizona consists of tribal lands. 269 Some of these reservations are located
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near the thirty-two projects proposed on BLM-managed land that investors have already expressed an interest in. 270 Moreover,
tribal lands may present far fewer hurdles to overcome in successfully implementing solar projects than BLM lands.
First, as part of the Energy Policy Act of 2005, federal agencies were granted authority to institute preferential purchase
agreements for any “energy product” or “energy byproduct” produced by business entities that are majority-owned by an
Indian tribe.271 The Act was “intended to provide support to tribal governments in the development of energy resources on
Indian lands, ... to provide incentives for partnership with tribes that want to develop their resources[,]”272 and to “authorize
individual Indians and tribal governments to enter into energy development leases or business agreements without Federal
review ....”273*131 Thus, under certain scenarios, it is possible that solar projects on tribal land could be implemented and
acted upon without the need for the costly and time-intensive NEPA review that has hindered so many solar proposals.274
Second, unlike the NIMBY phenomenon witnessed in many communities where solar projects have been proposed, a number
of tribes have already expressed interest in developing solar projects. For instance, Chief Gordon Plains of the T‘Sou-ke
Nation in British Columbia, Canada has said:
It‘s good to be a part of using the gifts that the creator gave us in helping us to take care of Mother Earth. It is
now appropriate that First Nations take the lead in demonstrating how to live without fossil fuels once again. 275

Two-time Green Party vice-presidential nominee and famed environmental and Native American activist, Winona LaDuke,
has become a major advocate for tribal solar development in recent years. “Honor the Earth”, an organization founded by
LaDuke, has devoted two recent publications to precisely this issue. 276 Previous energy-related projects on tribal lands, it
should be noted, have often been seen as disastrous. As reporter Phil Taylor has observed: “tribes are consistently
shortchanged in the deals, earning pennies on every dollar that goes to the mining firms and electric utilities whose operations
are fully dependent upon the reservations ... 90 percent of what tribes pay for their energy leaves the reservation.”277 Still, a
number of tribal leaders believe that, with the right training and support, tribally-owned solar projects could “change the
energy paradigm in Native communities from one of exploitation to one of equity ....”278
In Arizona, even the Navajo Nation - home to a number of the West‘s most productive coal mining operations - has begun to
contemplate a shift toward renewable *132 energies such as solar. The most recent Navajo presidential election featured, for
the first time ever, an environmentalist on the presidential ticket.279 Earl Tulley, Vice-Presidential candidate and founder of
Diné Citizens Against Ruining Our Environment, recently stated “At some point we have to wean ourselves [from coal] ...
We need to look at the bigger picture of sustainable development.”280 With the EPA cracking down on nitrogen oxide
emissions from Navajo coal plants - and two coal mines having shut down in the last five years - more and more Navajo have
begun to agree with Tulley and, recently, the Navajo Green Economy Commission was established by the tribal council to
promote environmentally friendly ventures.281
Third, siting solar projects on tribal land will not magically alleviate the energy-water nexus issues previously
discussed--especially if these projects employ wet-cooled CSP rather than PV technology. Nevertheless, tribes may enjoy an
advantage in this respect as well. In 1908, the United States Supreme Court decided a pivotal case in the history of tribal
lands, Winters v. United States.282 The case involved the 1888 establishment of the Fort Belknap Reservation in Montana and
addressed whether the Gros Ventre and Assiniboine tribes had relinquished their water rights to the land when they
relinquished control of it (purportedly to shift from a nomadic to agrarian way of life) to the federal government.283 In
oft-cited language, Justice McKenna, writing for the majority of the Court, determined that they did not, stating:
[I]t would be extreme to believe that ... Congress destroyed the reservation and took from the Indians the
consideration of their grant, leaving them a barren waste--took from them the means of continuing their old
habits, yet did not leave them the power to change to new ones. 284
Since then, tribal water rights have often been referred to as “Winters rights.” And, although tribes have often come upon a
daunting chasm separating their legal rights to water (the “Winters rights”) and the actual water itself (“wet water” is, sadly,
actually employed to point out this distinction), courts have recently begun following through on the promise that the Winters
decision presented over a century ago. In the seemingly endless battle over Colorado River water, for instance, the U.S.
Supreme Court has remained steadfast in determining that approximately 950,000 acre-feet of the 7.5 million acre-feet of
mainstream Colorado water allotted to Arizona, Colorado, and Nevada should go to the Chemehuevi, Cocopah, Fort Yuma,
Fort Mojave, and Colorado River Indian Reservations. 285 Nominally *133 for “irrigable” use, there is some indication in the
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decision that tribes could, alternatively, utilize this water for energy production286 - a far more profitable endeavor.
Finally, although few large-scale solar projects have broken ground on tribal lands, that may soon change. In February 2009,
one of the country‘s least populous tribes, the Augustine Band of Cahuilla Indians in California, began operating a 15,000
panel PV system on its land that is expected to produce up to 1.1 megawatts of power annually. 287 As Michael Lombardi,
Augustine Casino gaming commissioner, noted “[w]e’ve thrown a pebble in the pond that I‘m sure will ripple across Indian
Country.”288 With the ARRA recently allotting $54.8 million to tribes for “energy efficiency improvements in Indian
Country,”289 we can only hope the ripple spreads far.
Still, as is seemingly true with all solar projects, there are problems that need to be addressed. For one, like a lot of BLM
managed land, a number of reservations are remote, a situation that raises the problem of constructing new transmission lines.
Additionally, there are major incentive issues that have kept private backers hesitant about throwing in with tribes rather than
BLM. Because tribes, pursuant to the IRS Tax Code of 1986, are taxexempt entities, they are ineligible for the 2.1 cent per
kilowatt-hour tax benefit (for the first ten years of a facility‘s operation) guaranteed by the ARRA290 that has lured a number
of private companies into the solar sector. For so-called “casino-rich” tribes able to build their own solar facilities, this does
not present a problem because their tribal revenue is taxexempt and, as a result, tax incentives are a moot point. For other
tribes who would like to partner with private firms, the problem arises because companies pairing with tribes only receive 50
percent of the credit, rather than the full 100 percent they would receive by investing on state land. Rep. Grijalva has noted
that “[t]his situation puts tribes at a *134 tremendous disadvantage when trying to attract renewable energy projects to their
lands”291 and has introduced a bill, the Fair Allocation of Internal Revenue Credit for Renewable Electricity Distribution by
Indian Tribes Act, to combat the problem.292 Whether the Grijalva bill passes or not, the message concerning solar projects on
tribal lands is clear: given the right incentive structure, these projects could be a successful component in moving toward a
more sustainable future.
VI. CONCLUSION
The current controversy, raised by Senator Kyl, over exporting electricity to California has rekindled some of the historic
tensions among Western states over the Colorado River and water use more generally. California has been at the cutting edge
of setting aggressive renewable portfolio standards, but, until very recently, it has acted much more slowly in actually
granting permits for building renewable power plants in California. Further, California has made it very difficult for solar
plants to use wet-cooling technology, seemingly without regard to whether adequate water resources may be available. The
California Energy Commission will approve the use of cooling techniques only if alternative water supplies and alternative
cooling technologies prove to be “environmentally undesirable” or “economically unsound.”293 If Senator Feinstein‘s
proposed California Desert Protection Act of 2010 passes, the likelihood of future utility-scale solar projects in the most
reliably sunny part of the Golden State will become even more remote.
As a final irony, a proposal by Abengoa Solar for a 1,765 acre solar power development on former alfalfa fields near
Barstow, California has run into opposition. The California Energy Commission is going to require the company to acquire
and protect almost an identical number of acres of farmland elsewhere in California, along with the water rights, so that this
farmland can be irrigated.294 This is in keeping with the state‘s farm-preservation policies, but it cuts against the goal to
facilitate renewable energy projects.
To us, what this suggests is that, despite big talk, California still does not have the right incentives. As Arizonans, we often
find ourselves wishing that our state acted as aggressively as California on a variety of environmental issues. But in this
instance, when we look across the Colorado River into California, we see a state that expects to satisfy its aggressive
renewable portfolio standards in large measure by importing wind energy from New Mexico through a transmission line that
will ravage one of our favorite rivers, the Lower San Pedro River; and by importing electricity generated by planned
concentrating *135 solar power projects in Arizona, which will tap Arizona‘s scarce groundwater resources and impose
visual blight across beautiful swaths of federal land.
Solar energy may have a bright long-term future, because the technology is already there and it is improving. But we fear that
the price signals and incentives are still not adequate to get the United States off our reliance on cheap coal and foreign oil.
The BLM approval process is ongoing and it may indeed end up permitting many solar projects on federal lands. At this
juncture, it is simply too early to tell. But, if Congress fails to extend incentives from the American Recovery and
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Reinvestment Act (treasury payments worth one-third the total of construction costs for solar projects sited on public land)
set to expire in December, it is unclear how many proposed projects on federal land will be able to move forward. Thus, as an
alternative to siting projects on public lands, solar companies should focus their attention toward private and tribal lands,
where a number of utility-scale projects could be built.
Solar energy‘s short-term future, however, is cloudy. The hoped-for streamlined permitting process has not taken hold.
National environmental groups are at odds with local chapters. The realization of solar energy‘s water needs, transmission
line access, and land requirements are generating pushback from both sides of the political aisle. Delays in permitting are
putting thinly capitalized solar companies at risk of going under. Financial markets are hesitant to lend to solar companies.
BrightSource Energy‘s Ivanpah project remains viable because it is one of the few utility-scale projects in California that has
thus far received a Department of Energy loan guarantee. 295 Two Arizona-based utility-scale projects--Tessera Solar‘s
proposed 250 megawatt plant near Buckeye and Lockheed-Martin’s 290 megawatt Starwood Solar I project in the
Harquahala Valley-- were recently abandoned due to financing and permitting issues. 296 In July 2010, Abengoa‘s project, the
Solana project, finally received a loan guarantee from the DOE but the wait took over 18 months. 297 Simply put: if solar
companies lack water, land, and money, then solar will never become more than a marginal player on the energy stage.
*136 APPENDIX 1: SOLAR POWER PLANT WATER COOLING TECHNOLOGIES
TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE
*137 APPENDIX 2: SOLAR POWER PLANT AIR COOLING TECHNOLOGY
TABULAR OR GRAPHIC MATERIAL SET FORTH AT THIS POINT IS NOT DISPLAYABLE
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