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ly into the surreal rainbow glow of the Las Vegas strip
at twilight and it becomes clear why the state of Nevada
has become a metaphor for the energy crossroads con-
fronting the United States. The city’s hunger for elec-
tricity, like its visitors’ appetite for carnal indulgence,

is insatiable; it is the seat of Clark County, the second fastest
growing county in the United States. Nevada’s two public
utilities project that the state will hit an electricity capacity
shortfall of 2,100 megawatts by 2016 if more isn’t built.

The vision of a future powered by fossil fuels in one of the
sunniest spots in the world strikes many people, including
Harry Reid—majority leader of the U.S. Senate and a strong
opponent of coal-fired plants—as ludicrous. Which is why
Nevada has emerged not only as the biggest battleground
over coal but the newest test bed for utility-scale solar ther-
mal electricity. Its advocates believe it can and should become
a large piece, along with other renewable-energy sources, of
our energy future.

Solar thermal technology, also called concentrating (or
concentrated) solar power (CSP), uses huge arrays of mir-
rors to focus sunlight and make steam to run a conventional
turbine generator. The photovoltaic solar power systems used
mostly on rooftops, in contrast, allow the energy of solar pho-
tons to create an electron flow using semiconductors. CSP
provides “peak” power to feed the midday hunger for air con-
ditioning and other loads, but with the addition of thermal
storage CSP energy can also be banked for later use long past
sundown. This could overcome one of the major obstacles to
deploying solar power on a large scale.

Deser t  Oppor tuni t ies
Almost as surreal as flying into Las Vegas at night is driving
southeast from the sprawling city in the blazing sunlight of a
typical day. As Highway 95 veers south about 50 kilometers
from town, the tract-home developments have disappeared in

the rearview mirror to be replaced by the sagebrush-dotted
desert, and a silver-blue mirage appears shimmering in the dis-
tance. Apart from the transmission lines it is the only notice-
able break in the El Dorado Valley’s sepia tones. As you
approach the glistening structure its body becomes more
apparent—thousands of curved mirrors gazing up in unison.

Welcome to Nevada Solar One, a concentrating solar
power station with 64 megawatts of generating capacity,
enough to power as many as 14,000 homes. Reducing the
plant to numbers—182,400 mirrors, 120 hectares, 1.2 mil-
lion liters of heat transfer oil, over 3 million kilograms of
recycled aluminum, 130,000 tons of avoided carbon dioxide
per year, etc.—does not capture the magnificence of this
technological feat. Although it is barely a tenth the size of a
modern coal station, Nevada Solar One is a milestone as the
first commercial CSP plant to be built in the United States
in 17 years. It is a watershed moment for large-scale solar
thermal energy, which had languished since Luz Interna-
tional, the original designer and builder of nine CSP units
(total capacity: 354 megawatts) in California’s Mojave Desert,
went bankrupt in 1991 after struggling through years of
inconsistency in state and federal subsidies and tax credits
and finally their termination.

Now, thanks to a perfect storm of forces—growing pub-
lic concern about coal’s impact on climate, an influx of ven-
ture capital and clean-energy startups, skyrocketing oil prices,
statewide renewable energy mandates, and federal tax cred-
its—CSP appears poised to become a much larger piece of the
U.S. energy mix. In doing so it could help wean the United
States off carbon-based electricity and as a result, along with
other options, provide a bit of “silver buckshot” to mitigate cli-
mate change.

“The world will have more and more demand for cleaner
technology as economies grow. There’s not enough [fossil] fuel
to go around and we have a global warming issue,” says Peter
Duprey, chief executive officer of Acciona Energy North Amer-
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ica, which owns Nevada Solar One.
Other CSP proponents argue that solar thermal electric-

ity is less of an environmental solution and more a national
energy security insurance plan.“I don’t want to say it’s about
saving the planet, but it’s the right thing to do to get to energy
independence,” says Gilbert Cohen, senior vice president of
Acciona Solar Power and manager of the Nevada facility, as he
proudly guides visitors through the plant’s rows of freshly
washed mirrors on a crisp November day. This plant is his
baby, after all. The French-born engineer helped found a com-
pany named Solargenix that started building the plant before
Acciona’s parent company, Acciona Energy, headquartered in
Pamplona, Spain, bought a majority stake in it in 2004.

In fact, several solar projects are well under way in Europe,
particularly in Germany and Spain. Another Spanish company,
Abengoa SA, last spring opened Europe’s first commercial
concentrating solar power plant. A European research con-
sortium is considering the prospects for powering much of
Europe with arrays of CSP plants in North Africa and trans-
mission lines under the Mediterranean. Several other coun-
tries, including Peru and Chile, are also strong candidates for

CSP. In the United States, CSP is most suited to the Southwest,
where the warm, sunny climate and pancake-flat, unpopulated
desert stretches offer vast solar potential. “We have enough
suitable land in the Southwest for CSP to support over 6 mil-
lion megawatts of capacity,” according to Mark Mehos, the CSP
program manager at the National Renewable Energy Labo-
ratory (NREL) in Golden, Colorado. NREL arrived at this
value, which corresponds to a potential CSP contribution of
kilowatthours equal to over four times U.S. demand, by meas-
uring the solar radiation and subtracting all land area that was
unsuitable due to its environmental sensitivity, urban location,
or slope.

Cohen smiles as he points to the aluminum space-frames,
the vacuum-jacketed receiver tubes, and glass mirrors stretch-
ing as far as the eye can see, and explains how much the tech-
nology has advanced since the 1980s. (Cohen spent some 14
years managing Luz’s CSP plants in the Mojave.) Here at
Nevada Solar One his team has advanced Luz’s original para-
bolic trough technology primarily by reducing the costs of
field fabrication and improving the optical focusing accuracy.
Other CSP configurations that are being developed by various
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A parabolic trough and its receiver tube, part of Nevada Solar One.
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companies are the “power tower,” the dish-Stirling, and the
linear Fresnel technologies (see sidebar, “A Primer on CSP”).

Fi ts  and Re-Star ts
CSP was born in the United States out of the oil shocks of the
1970s. An entrepreneur named Arnold Goldman and his team
formed Luz and built the world’s biggest solar farm in the
Mojave Desert from 1984 to 1990—nine parabolic trough
plants, called Solar Electric Generating Systems, or SEGS,
with more than 400,000 mirrors spread over 10 square kilo-
meters and a maximum capacity of 354 megawatts. They con-
tinue to generate substantial amounts of electricity to this
day. But in 1991 oil and gas prices dropped and legislators
yanked the subsidies just as Luz was scrambling to build a
tenth plant. Unable to secure enough financing, the company
filed for bankruptcy. Most of the SEGS plants were taken over
by FPL Energy, a subsidiary of FPL Group (which also owns
Florida Power & Light), and are now co-owned by FPL Energy
and private equity fund Carlyle/Riverstone.

Now the sun is shining again on CSP. One clear sign of the
revival is the number of CSP-related startups that have
cropped up in the past couple years, including BrightSource
Energy of Oakland, California; Stirling Energy Systems of
Phoenix, Arizona; and Ausra, Inc. of Palo Alto, California.
BrightSource was started by Goldman, Luz’s founder. (To
claim this professional pedigree, Goldman named Bright-

Source’s Israel subsidiary Luz II.) Although none of these
companies has built a commercial CSP plant, they have wooed
millions in financing from venture capitalists, who now view
solar and other renewable-energy technologies as the next
thing after the Internet that can promise billions in returns.
Ausra, whose founder David Mills and his small team moved
from Australia to Silicon Valley last year to be closer to ven-
ture capitalists, found what they were looking for in Vinod
Khosla, the Valley’s most high-profile evangelist of large-
scale renewable energy. Khosla Ventures and Kleiner Perkins
Caufield & Byers together invested $47 million in Ausra.
Khosla argues that CSP is the only technology that can offer
real, large-scale renewable power. “The big enchilada is get-
ting power that’s cheaper than next-generation coal power,”
he says in a phone interview.

Cost is critical. The original Luz team succeeded in bring-
ing down the cost of electricity from the Mojave parabolic
trough solar stations from 26 U.S. cents to 16 cents per kilo-
watthour (kWh), according to Goldman. Acciona currently
sells electricity from Nevada Solar One to Nevada Power
Company for roughly 17 cents per kWh. But Western Gover-
nors’Association projections suggest that CSP power could fall
to 8 cents per kWh as the operators ascend the learning curve
and develop cost reduction strategies.

The cost of production doesn’t tell the entire story, how-
ever. The difficulty and expense of storing large amounts of
electricity means that it can’t be generated and set aside for

Solucar PS10 concentrating solar power plant using the sunshine outside of Seville, Spain. PS20 is under construction in the background.
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Parabolic trough technology is the oldest. Since its Mojave Desert com-
mercial debut in 1985, parabolic troughs have pumped out more watthours
than all other solar electric technologies combined. As the name implies,
this setup uses curved mirrors to focus sunlight on a fluid-filled tube, called
the receiver. The troughs, about 3 meters by 100 meters, use sunrise-to-sun-
set tracking mechanisms to keep the Sun’s rays on the receiver. A fluid col-
lects the thermal energy and carries it to the “power block” where it is
converted to steam and then electricity via a turbine. Key companies pursu-
ing this technology include Acciona Solar Power (Spain), Solel Solar Sys-
tems (Israel), and Abengoa Solar (Spain).

Power towers are regarded as highly promising although they suffer from
less field experience than parabolic trough technology. A 40-story tower
holding the receiver is surrounded by a field of hundreds of heliostats, mir-
rors that individually track the sun. As with troughs, a fluid carries the
energy to the power block. The power tower requires less piping in the field
but suffers the disadvantage of a large number of heliostats with complex
two-axis trackers. Power towers entered the commercial arena in April 2007
with the launch of Abengoa’s 10-megawatt PS10 plant at Sanlúcar, near
Seville, Spain. Abengoa Solar and BrightSource Energy (California) are
developing power towers.

A dish-Stirling power station resembles a field of giant sunflowers in an
Erector Set fantasy. Each dish is a circular collection of mirrors focusing sun-
light on a Stirling engine, a type of heat engine invented nearly two centuries
ago by the Scottish clergyman Robert Stirling. The Stirling engines used in
generation prototypes are sealed systems containing hydrogen gas that is
alternately heated by the sunlight focused by the mirrors and then cooled.
Through this cycle the gas’s pressure rises and falls, moving pistons inside
the engine which drive a generator. A single unit produces about 25 kilo-
watts, so thousands of them will be clustered to create the envisioned multi-
hundred-megawatt plants. Dish-Stirling systems can produce temperatures
of 1,300 degrees Fahrenheit (704°C) and benefit from higher efficiency, but
dish systems are still in the R&D stage and building workable Stirling
engines has proven difficult. Key players include Stirling Energy Systems
(Arizona) and Science Applications International Corporation (California).

Linear Fresnel is the newest CSP technology. In this arrangement, the
receiver is fixed 10 meters above the ground while a collection of single-
axis tracking mirrors (about 1.5 by 180 meters) keep the sunlight on the
receiver. Linear Fresnel systems use multiple, slightly curved, independently
tracked mirrors that together approximate the shape of one huge trough
mirror. They are thus relatively cheap to produce and their proponents
assert that power can be delivered at competitive fossil-based rates. How-
ever, the systems suffer from reduced conversion efficiency due to lower
steam temperature. This method has yet to demonstrate itself commercially
although many projects are in negotiation. The leading developer of linear
Fresnel systems is Ausra, Inc. (California).

The value of CSP systems increases if storage is included so that electricity
production can be shifted closer to the utilities’ late-afternoon peak
demands. The concept is simple: use excess energy to heat something (e.g.,
molten salts) at midday and then recover that heat energy to continue run-
ning generators after the sun sets. In a 2006 study the consulting firm Black
and Veatch estimated that adding six hours of storage would only increase
the cost of electricity by about 2 percent. 

—J. Thomas McKinnon
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later use, so its value depends strongly on the time of day it
is produced as well as its ability to be supplied on demand
(called “dispatchability” in industry jargon). CSP delivers
power in the middle of the day just when utilities would be
otherwise forced to spin up their fuel-hungry natural gas-fired
peaking turbines. And the reliability of CSP, especially if it is
coupled to thermal storage, allows utilities to count on the
power in their generation mix. Using complex industry mod-
els, NREL estimates that CSP electricity is worth 10 cents
per kWh, a bit more than the amount the analysts predict for
the cost of CSP electricity once the industry climbs the learn-
ing curve. And this estimate does not account for the ancil-
lary benefits of CSP power, such as energy security and a
cleaner environment.

Furthermore, CSP is not just for making electricity.
According to Ken May, division director of Abengoa Solar,
Inc., process heating is just as important in the effort to replace
fossil fuels. Abengoa Solar, a subsidiary of Seville, Spain-based
energy giant Abengoa SA, is installing a 5,100-square-meter
array of parabolic trough collectors in Modesto, California, to
help snack-food manufacturer Frito-Lay reduce the carbon
footprint of its potato chip-making operation. And a little
known fact is that CSP can cool as well as heat: Abengoa Solar
has installed 650 square meters of collectors to power a 720,000
BTU/hour ammonia absorption air conditioner (equal in
power to about 50 window air conditioning units) for Cochise
College in Douglas, Arizona.

Perhaps the most promising indicator of CSP’s new lus-
ter in the United States is that several power utilities have
signed longterm power purchase agreements (PPAs)—com-
mitments to buy CSP electricity from plants. Although they
are only as good as the paper they’re written on until the
ground is broken, the sum total of signed PPAs now exceeds
2,300 megawatts. Granted, that figure is dwarfed by total U.S.
generating capacity of over 1 million megawatts, and the
Department of Energy forecasts only a modest growth in U.S.
CSP generating capacity—from 540 megawatts in 2008 to
860 megawatts in 2030.

As with other renewable-energy initiatives, many states are
marching ahead as the federal government drags its feet. Cal-
ifornia leads the country with its ambitious clean energy man-
dates, so it’s no wonder that the state’s public utilities have been
busily signing PPAs. For instance, Pacific Gas & Electric agreed
to buy 500 megawatts of CSP power from BrightSource, which
is developing a prototype plant using the “power tower” tech-
nology; 550 megawatts from Solel Systems, which employs the
parabolic trough technology; and 177 megawatts from Ausra,
which has developed the linear Fresnel hardware. Ausra is
building a 12,000-square-meter facility in Las Vegas to man-
ufacture CSP plant components, such as reflectors, towers,
and absorber tubes. Stirling Energy has signed longterm pur-
chase agreements totaling 1,750 megawatts—with Southern
California Edison for a 500-megawatt plant that could expand
another 350 megawatts, and with San Diego Gas & Electric for

350 megawatts with the option to expand another 600
megawatts. In October 2007 the California Energy Commis-
sion approved Stirling Energy’s plans to build its first plant.

Further buoying CSP’s prospects is an uptick in federal
funding for solar thermal research, which sank to its nadir of
$6 million in 2005. In 2007 it jumped to $16 million, an
improvement but still far below the 1981 peak of $135 million
(not inflation adjusted) following the oil crisis. In November
of last year the Department of Energy announced that it was
granting another $5.2 million to nine U.S. companies to help
expedite advancements in solar thermal technologies. The
solar awards are meant to reduce the cost of power from 12
to 14 cents per kWh today to 7 to 10 cents by 2015, and to
below 7 cents per kWh by 2020.

Taxing Credi ts
For all of the exuberance and wealth private investors might
exude, everyone in the solar industry seems to agree that the
future of large-scale CSP in the United States looks cloudy at
best unless Congress extends the critical solar investment tax
credit—which, as of early January 2008, it has declined to
do. The credit, which grants solar project producers a 30-per-
cent tax break on construction costs, expires at the end of
2008, at which time it will revert to 10 percent. A 500-megawatt
CSP plant is estimated to cost $1.5 billion (somewhat more if
it includes thermal storage), about the same as a comparable
coal plant, making financing of such projects a struggle with-
out the 30-percent tax credit. At this point, even a compromise
six-year extension proposal looks unlikely. The Department
of Energy based its modest projections for CSP generation
growth to 2030 on the assumption that the tax credit will
revert to 10 percent. “You have massive subsidies in the fed-
eral tax policy for the petroleum, oil, and gas industries,” says
John O’Donnell, executive vice president of Ausra.“A lot of us
are asking what constitutes a level playing field.”

One of the biggest roadblocks to the proliferation of large-
scale CSP is the lack of transmission lines, a problem shared
by wind farms and even some coal plants. Senator Reid, who
was raised in a small town called Searchlight not far from the
Nevada Solar One plant, has proposed a bill that would fund
new power transmission lines and interconnections to carry
power from renewable energy projects in rural areas to urban
areas. A coalition of conservationists, ranchers, hunters, and
others in Nevada’s White Pine County, where two coal plants
are have been proposed, are also angling to round up private
and public funds to develop a 400-kilometer transmission
line in the state that would carry electricity from a string of
CSP plants to far-flung communities.

“We’re at a crossroads. If we take the solar energy path we
become part of the solution, not the problem,” says Gene
Kolkran, a former U.S. Bureau of Land Management official
who heads the Rural Nevada Conservation Alliance. CSP
plants, he says, could be a positive alternative to coal plants in

       



terms of bringing new jobs and a tax base to the area: “This
is also a rural economic development issue.”

Many ranchers and farmers in drought-plagued regions
who struggle to stay in business have sold their land to devel-
opers. Increasingly, solar stations or wind farms are an option
for them to generate additional income. Ausra, for instance,
agreed in 2007 to lease 260 hectares from ranchers in central
California to build its CSP plant. “I don’t believe in global
warming, but I do know that people die from coal-fired power
plants and solar is not depleting anything on Earth. And this
is one of the best places in the world for solar,” says Susan
Cochrane, whose family owns several thousand drought-
stricken hectares in eastern San Luis County, where her ances-
tors settled in the 1800s.

Droughts in the West have raised concerns about water
usage for all power plants, including CSP. Due to thermody-
namic constraints only a portion of the heat energy can be
converted to electricity; most of it must be rejected to the
environment via a cooling process. Most plants use water for
cooling, and Nevada Solar One’s cooling systems draw water
from nearby Lake Mead at a rate of 3,200 liters per mega-
watthour. CSP plants can also reject their heat to the air via
“dry cooling,” with a slight efficiency penalty but a greatly
reduced water demand. Ausra expects to use 65 liters of water

per megawatthour in its 177-megawatt dry-cooled California
plant, mostly to keep the mirrors clean.

Another hurdle CSP plants could face is complaints about
the aesthetics. Even card-carrying environmentalists have
tried to block wind farms and other renewable projects. If
the Kennedys can fight the proposed wind farm off the coast
of Cape Cod, surely some will complain about the shimmer-
ing solar-power mirage in the distance. But for now, the peo-
ple who are most cautious about CSP plants are those looking
out for the interests of endangered habitat and species, such
as the desert tortoises that inhabit the terrain around Nevada
Solar One. Acciona had to buy a tortoise permit from Boul-
der City, Nevada, to cover potential costs of escorting any
errant tortoises through the CSP station’s main gate. A small
price to pay for sun-powering the region, Gilbert Cohen says,
adding that as of yet he hasn’t given any tortoises the boot.

Susan Moran is a freelance writer in Boulder, Colorado.
J. Thomas McKinnon is a professor of chemical engineering
at the Colorado School of Mines in Golden, Colorado.
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For more information about issues raised in this story, visit
www.worldwatch.org/ww/csp.

Aerial view of a portion of the Solar Electric Generating Systems at Kramer Junction, California.
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