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As the lights come on in
Los Angeles, solar evangelist
Larry Kazmerski models
the latest in PV: bendy
thin-film panels that fit

so many places, says the
National Renewable Energy
Laboratory researcher,
they could one day power
whole cities. “This is going
to be on every roof and
building,” Kazmerski says.

Early on a clear November morning in the Mojave Desert, the sun
is barely touching the peaks of the McCullough Range with a cool
pink glow. Behind them, a full moon is sinking over the gigawatt
glare of Las Vegas. Nevada Solar One is sleeping. But the day’s work
is about to begin.

It is hard to imagine that a power plant could be so beautiful: 250
acres of gently curved mirrors lined up in long troughs like canals
of light. Parked facing the ground overnight, they are starting to
awaken—more than 182,000 of them—and follow the sun.

“Looks like this will be a 700-degree day,” says one of the opera-
tors in the control room. His job is to monitor the rows of para-
bolically shaped mirrors as they concentrate sunlight on long steel
pipes filled with circulating oil, heating it as high as 750 degrees
Fahrenheit. From the mirror field, the blistering liquid pours into
giant radiators that extract the heat and boil water into steam.
The steam drives a turbine and dynamo, pushing as much as 64
megawatts onto the grid—enough to electrify 14,000 households
or a few Las Vegas casinos. “Once the system makes steam, it’s very
traditional—industry-standard stuff,” says plant manager Robert
Cable, pointing toward a gas-fired power plant on the other side of
Eldorado Valley Drive. “We get the same tools and the same parts
as the place across the street”

When Nevada Solar One came on line in 2007, it was the first
large solar plant to be built in the United States in more than 17
years. During that time, solar technology blossomed elsewhere.
Nevada Solar One belongs to Acciona, a Spanish company that gen-
erates electricity here and sells it to NV Energy, the regional utility.
The mirrors were made in Germany.

Putting on hard hats and dark glasses, Cable and I get into his
pickup and drive slowly past row after row of mirrors. Men with a
water truck are hosing down some. “Any kind of dust affects them,”
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Cable says. At the far edge of the mirror field, we stop and step
out of the truck for a closer look. To show how sturdy the glass is,
Cable bangs it like a drum. Above his head, at the focal point of
the parabola, the pipe carrying the oil is coated with black ceramic
to soak up the light, and it’s encased in an airless glass cylinder for
insulation. On a clear summer day with the sun directly overhead,
Nevada Solar One can convert about 21 percent of the sun’s rays
into electricity. Gas plants are more efficient, but this fuel is free.
And it doesn’t emit planet-warming carbon dioxide.
About every 30 seconds there is a soft buzz as a motor moves the
mirrors a little higher; by midday they will be looking straight up.
It’s so quiet out here one can hardly fathom how much work is being
done: Each of the 760 arrays of mirrors can produce about 84,000
watts—almost 113 horsepower. By 8 a.m. the oil coursing through
The optimists the pipes has reached operating temperature. A white plume is
spewing from a cooling stack. Half an hour later, the sound of the
turbine inside the generating station has reached a high-pitched
scream. Nevada Solar One is ready to go on line.

WITH A NEW ADMINISTRATION in Washington promising to take
on global warming and loosen the grip of foreign oil, solar energy
finally may be coming of age. Last year oil prices spiked to more than
$140 a barrel before plunging along with the economy—a reminder
of the dangers of tying the future to something as unpredictable as
oil. Washington, confronting the worst recession since the 1930s, is
underwriting massive projects to overhaul the country’s infrastruc-
ture, including its energy supply. In his inaugural address President
Barack Obama promised to “harness the sun and the winds and the
soil to fuel our cars and run our factories” His 2010 budget called
for doubling the country’s renewable energy capacity in three years.
Wind turbines and biofuels will be important contributors. But no
form of energyis more abundant than the sun.

“If we talk about geothermal or wind, all these other sources of
renewable energy are limited in their quantity,” Eicke Weber, direc-
tor of the Fraunhofer Institute for Solar Energy Systems, in Freiburg,
Germany, told me last fall. “The total power needs of the humans on
Earth is approximately 16 terawatts,” he said. (A terawatt is a trillion
watts.) “In the year 2020 it is expected to grow to 20 terawatts. The
sunshine on the solid part of the Earth is 120,000 terawatts. From
this perspective,~-energy from the sun is virtually unlimited.”

There are two main ways to harness it. The first is to produce
steam, either with parabolic troughs like the ones in Nevada or
with a field of flat, computer-guided mirrors, called heliostats, that
focus sunlight on a receiver on top of an enormous “power tower.”
The second way is to convert sunlight directly into electricity with
photovoltaic (PV) panels made of semiconductors such as silicon.

Each approach has its advantages. Right now steam generation,
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also known as concentrating solar or solar thermal, is more effi-
cient than photovoltaic—a greater percentage of incoming sunlight
is converted into electricity. But it requires.acres of land and long
transmission lines to bring the power to market. Photovoltaic panels
can be placed on rooftops at the point where the power is needed.
Both energy sources share an obvious drawback: They fade when it’s
cloudy and disappear at night. But engineers are already developing
systems for storing the energy for use in the darker hours.

The optimists say that with steady, incremental improvements—
no huge breakthroughs are required—and with substantial gov-
ernment support, solar power could become as economical and
efficient as fossil fuels. The pessimists say they’'ve heard all this
before—30 years ago, during the presidency of Jimmy Carter. That
too was a period of national crisis, triggered by the Arab oil embargo
of 1973. Addressing the nation in his cardigan sweater, President
Carter called for a new national energy policy with solar energy
playing a large part. In 1979 the Islamic revolution in Iran sent
oil prices soaring again. American drivers lined up for gasoline,
their radios blaring songs like “Bomb Iran,” by Vince Vance and the

RETRO SOLAR The energy
of the future has a past.
Shards of old mirrors (top)
lie under their replacements
at California’s 25-year-old
SEGS |, the first commer-
cial solar thermal plant in
the United States. A 1977
speech by President Jimmy
Carter (above) heralded the
first federal push for renew-
able energy. But it faltered
after Carter left office and oil
prices later plummeted.
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SunCatchers at Sandia National Laboratories in New Mexico stand dormant

at moonrise. At daybreak each mirror array will turn sunward, and concentrated
light will heat a Stirling engine held at the focal point, driving pistons and making
electricity. No system is more efficient at converting photons to grid-ready

AC power. Stirling Energy Systems plans to erect some 60,000 SunCatchers

at desert sites near Los Angeles and San Diego.
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Valiants (sung to the tune of the Beach Boys” “Barbara Ann”). Carter,
true to his word, put solar water heaters on the White House roof.

During the next few years, two large fields of parabolic troughs,
SEGS I and II (for Solar Electric Generating Station) were installed
about 160 miles southwest of Las Vegas, near Daggett, California.
They were followed by seven more plants nearby, at Kramer Junction
and beside waterless Harper Lake. The plants are still operating—
about a million mirrors in all on some 1,600 acres with a combined
power of 354 megawatts. From afar they look like mirages.

The momentum didn’t last. As the economy adjusted to the Ira-
nian oil shock, fuel prices fell. With the sense of urgency reduced,
along with the research dollars, solar remained a minor factor in
the energy equation. The SEGS plants were still being built when
President Ronald Reagan took the solar water heaters off the White
House roof. The first solar revolution fizzled.

Two decades later, a new solar revolution may be ready to begin.

ust three-tentns ANOTHER LEGACY OF THE CARTER ERA, the National Renewable

: ' Energy Laboratory (NREL) in Golden, Colorado—the government’s
primary research center for solar, wind, hydrogen, and other alter-
native fuels—is bracing for a resurgence. When I visited last fall, a
new research campus and headquarters were under construction
against the side of a mountain outside Golden. Five acres of photo-
voltaic panels on top of the mesa will feed the labs and offices below.
That may be just the beginning. Once treated by the government as
something of a stepchild, NREL is benefiting from the extra money
the Obama Administration is devoting to renewable energy. “Right
now solar is such a small fraction of U.S. electricity production
that it’s measured in tenths of a percent,” said Robert Hawsey, an
associate director of the lab. “But that’s expected to grow. Ten to 20
percent of the nation’s peak electricity demand could be provided
by solar energy by 2030

But not without government help (see story, page 52). Nevada
Solar One would never have been built if the state had not set a
deadline requiring utilities to generate 20 percent of their power
from renewable sources by 2015. (More than two dozen states now
have “renewable-portfolio standards,” and earlier this year Con-
gress was debating a federal one.) During peak demand—a hot
afternoon in Las Vegas, when production costs are highest—the
solar plant’s electricity is almost as cheap as that of its gas-fired
neighbor. But that’s only because a 30 percent federal tax credit
helped offset its construction costs.

Aiming to bring down costs and reduce the need for incentives,
NRELs engineers are studying mirrors made from lightweight poly-
mers instead of glass and receiving tubes that will absorb more sun-
light and lose less heat. They're also working on solar power’s biggest
problem: how to store some of the heat produced during daylight
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hours for release later on. “In the Southwest particularly, peak loads
are in the daytime, but they don’t end when the sun goes down,” said
Mark Mehos, an NREL program manager. People come home from
work, turn on lights and air conditioners. Before long'they may be
plugging in electric cars.

Last year the first commercial solar plant with heat storage opened
near Guadix, Spain, east of Granada. During the day, sunlight from
a mirror field is used to heat molten salt. In the evening, as the salt
cools, it gives back heat to make more steam. In Arizona the Solana
Generating Station will also use molten salt for storage. When it
goes on line in 2012, three square miles of parabolic troughs will
produce 280 megawatts for Phoenix and Tucson. Solana is being
built by a Spanish company, Abengoa Solar—an indication of just
how far, in the development of this technology, the United States
has fallen behind.

BACK IN THE 19808, an engineer named Roland Hulstrom calcu-
lated that if photovoltaic panels—the other big solar technology—
covered just three-tenths of a percent of the United States, a 100-by-
100-mile square, they could electrify the entire country.

People thought he wanted to pave the Mojave with silicon. “The
environmentalists got up in arms and said, You can't just go out and
cover a hundred miles square,” Hulstrom said recently as he sat in
his office at NREL. But that’s not what he meant. “You can cover
parking lots with photovoltaic. You can put it on house roofs”

Twenty years later, PV panels still contribute only a tiny amount
to the nation’s electricity supply. But on rooftops in California,
Nevada, and other states with good sunshine and tax incentives,
they’re a sight almost as familiar as air conditioners—and though not
yet as developed as solar thermal, they may have a brighter future.

Right now the panels are expensive, and they provide an efficiency
of only about 10 to 20 percent, compared with the 24 percent of
parabolic troughs. History more than physics is to blame. After the
solar bust in the mid-1980s, many of the best engineers migrated to
the computing industry, which uses the same raw material—silicon
and other semiconductors. Following what is called Moore’s law,
microprocessors doubled in capability every couple of years, while
solar languished. Now some of the engineering talent is moving
back to solar.

Researchers at NREL are exploiting the fact that different semi-
conductors capture different colors from a beam of sunlight. By
layering compounds called gallium indium phosphide and gallium
indium arsenide and using a lens to concentrate sunlight, they built
a PV cell last year that is 40.8 percent efficient (a world record,
since broken). But it’s far from ready for mass production. “The
technology is incredibly sophisticated,” said Ray Stults, an associate
director of the laboratory. “We can make it right now for $10,000
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ENDLESS
POTENTIAL

ENERGY EQUAL TO 6,000 TIMES the world’s elec-
tricity use constantly shines on Earth. Even with
current technology, we could harvest enough to
supply dozens of times our demand for electricity—
but building the infrastructure needed to switch to
solar would cost much more at current prices than
continuing to burn fossil fuels. As data from NASA
satellites show (map, right), the world's solar leaders,
notably Germany, are not the sunniest countries but
the ones that can afford to pay extra for solar power.
Solar costs are falling steadily, however. Developing
nations in the subtropics may benefit from that trend;
steady sunshine there means investment in solar
infrastructure could pay off fast. Most of the world's
best solar potential remains unexploited.
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<RANKING THE
RENEWABLES
The sun’s potential for power
generation eclipses that of
all other renewable energy
sources. But for now solar
power barely registers in the
world'’s energy portfolio (inset
graph). It accounts for only
a small fraction of a percent
of total electrical output—
much less than hydropower
or wind energy, which are
cheaper to produce.
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ONE KILOWATT-HOUR WILL POWER

A 100-WATT LIGHTBULB FOR TEN HOURS
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It lags in generating solar
electricity but has
invested heavily in solar
water heaters.

THE SOLAR SOUTHWEST
Solar advocates say the
desert Southwest could light
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