Feature article

Parabolic troughs:
CSP’s quiet
achiever.
WITH AN ESTABLISHED COMMERCIAL TRACK RECORD OF MORE THAN 20
YEARS OPERATING UNDER REAL WORLD CONDITIONS, THE PARABOLIC
TROUGH NOW HOLDS POLE POSITION IN THE HORSERACE AMONG
CONCENTRATING SOLAR POWER CSP TECHNOLOGIES. BUT WILL BEING
FIRST OFF THE MARK TURN OUT TO BE GOOD ENOUGH? IN THE SECOND
ARTICLE IN A SERIES ON CSP AND ITS TECHNOLOGIES, STEWART
TAGGART INVESTIGATES.
Solar power towers produce higher temperatures, solar dishes oﬀer higher
eﬃciency and Fresnel reﬂectors enjoy lower manufacturing costs. So will
one of these prove more important in the long-run than the technology
that took an early lead in the CSP race – namely the Parabolic Trough? It
could take until 2020 to ﬁnd out. But until then a powerful incoming tide
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will be lifting all ships in the concentrating solar power industry, with
parabolic troughs indisputably in the lead.
Tough, dependable and proven, parabolic troughs have singlehandedly
drawn a line of indisputable respectability under the entire CSP industry.
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Abengoa ﬁnds its sunny place –
new trough plant planned for the Gila Bend,
Arizona
Groundbreaking in its alliance with a US utility, Abengoa Solar’s 280MW
concentrating solar parabolic (CSP) trough power generation station is
scheduled to go on-line in 2011. Announced in February 2008, Abengoa
Solar plans to build the Solana Generating Station near Gila Bend,
Arizona. Solana means “a sunny place” in Spanish.
Solana is the result of a deal between Abengoa Solar and the Arizona
Public Service Co (APS). The deal aims to increase the amount of
renewable energy available in the USA, the plant will supply enough
energy to power 70,000 homes. It will sell the electricity to APS over the
next 30 years, for a total estimated revenue of around US$4 billion,
bringing about US$1 billion in economic beneﬁts to the state of Arizona.

portfolio standard in Arizona did not require them to do this, but they
see this as their future, and as a major resource for them in the
future.”
Abengoa Solar is currently operating the world’s first commercial CSP
solar tower plant in Spain, and PV low concentration plant, as well as
a demonstration trough plant. It is also building three more CSP
plants in Spain with a total capacity of 120MW, two trough plants to
generate 50MW of electricity each, one tower plant with a capacity of
20MW and two hybrid gas-solar plants in Algeria and Morocco.
Previous to the Gila Bend project, Abengoa Solar has been building and
operating solar plants that supply industrial steam and heat in the USA.
Abengoa Solar says its objective is to supply gigawatts of electric power
across the Southwest in collaboration with the leading utility companies.
Barbara Graham, Assistant Editor, Solar Energy journal (artists impression
courtesy of Abengoa Solar).

Using parabolic trough technology coupled with molten salt thermal
energy storage, the plant’s rows of mirrors, thermal storage, generating
equipment and service areas will cover nearly three square miles (1,900
acres). Two 140MW steam generators will produce the electricity.
What’s different about Solana is its thermal energy storage making
this plant operational at full load well into the night. “So in the hot
summer evening when air conditioning is needed the solar power
plant will continue to function,” explained Fred Morse, Abengoa Solar’s
senior advisor for the USA.
Solana is very large. At 280 MW it is the largest plant in the USA.
Morse said that it is about 20%-25% more efficient than the plants
which have been operating in California for the last 20 years. The
receiver tubes lose less energy in Solana than other solar trough
plants. “The performance of the receiver tube is much better than
existing plants in California and probably similar to the plant which
opened in Nevada (Nevada Solar One),” Morse said.
Abengoa Solar has developed a lighter weight structure making it
easier to assemble in the field. Morse said the selective surface on the
receiver tubes at Solana has been improved above other plants.
Morse stresses the far-sightedness of APS. “The utility showed great
vision in buying the output from a plant of this size,” he said. “The

Critics can no longer dismiss it as untested, too dirty, or simply not yet
ready for market. With that huge issue settled, the next big question is:
how cheap can it get in the next 10 years?
But before getting into that, some history might help. Parabolic
troughs’ current respectability comes thanks to a cluster of 354 MW of
parabolic trough capacity in the California desert. In response to the
1970s oil-crises, the USA showered tax and investment incentives on
alternative energy. In response, Israeli startup Luz Energy Partners built
a series of parabolic trough plants in the southeastern California
desert, aided by tax credits totalling nearly 40% of its costs. The result
was an expansion of capacity in California, and a fall in the cost of
parabolic trough-generated electricity of 50% between 1985 and 1989
(from US$0.30/kWh to US$0.14/kWh, a 14% drop each year). The reductions came from research and development, economies of scale and
accumulated experience.
An additional beneﬁt came from the intrinsic simplicity of CSP. In general
terms, CSP is really no diﬀerent than starting a campﬁre with a magnifying glass. The only diﬀerence is CSP uses reﬂective mirrors to direct and
concentrate sunlight instead of light-focusing glass. With CSP, there’s no

complicated silicon manufacturing processes (as with solar PV), no deep
holes to drill (as with geothermal) and no high-altitude turbine housings
to keep greased (as with wind). CSP plants are little more than collections
of highly-polished bathroom mirrors laid close to the ground that generate
simple, high-temperature heat that drives steam turbines traditionally
powered by fossil fuels.
The bad news, of course, was that like all new technologies, CSP needed
help ﬁnding its legs. In the late 1980s, these got pulled from under it.
That’s because by 1989, oil prices had fallen, politicians lost interest in
renewables and petrol-guzzling cars and electricity-guzzling air conditioners became consumer items of choice. In response, politicians cut the
40% renewable energy tax credits, down to as low as 10%. They further
hobbled those with short-sunset clauses.
As a result, Luz executives had to spend more time in Washington
lobbying to renew expiring tax credits than they did running their business. This proved fatal and Luz went under in 1991. Its California assets
were eventually sold to Florida-based electric utility Florida Power & Light
(FPL).
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FPL has kept the plants running since then but hasn’t expanded them. To
date, the California parabolic trough plants have generated well over
12,000 GWhs of utility-scale solar electricity for the California grid. To date,
more than half of all solar electricity ever generated has come from these
California plants. That’s some pedigree.

Back to the future
Now, with alternative energy back in vogue following the Rip Van Winkle
1990s, these California solar workhorses are enjoying a renaissance. With a
20-year operating record behind them, Parabolic troughs’ technology and
economics are unassailable. And to this happy background can now be
added more good news: smarter, longer-lasting Government incentives.
In Germany and Spain, premium solar energy wholesale prices through feedin tariﬀs are guaranteed for decades. These provide certainty to developers
and bankers. Over in the USA, meanwhile, the sunny western state of Nevada
has mandated that 20% of its electricity consumption needs to come from
renewable energy by 2015. And many other States besides Nevada have set
in place similar Renewable Portfolio Standards of their own.
These developments have deﬁbrillated the industry. In Nevada, the ﬁrst
large-scale concentrating solar power project built anywhere in 15 years
is online and generating electricity. In so doing, the 64MW Nevada Solar
One is showing that the lightning in the bottle represented by the 1980s
Luz plants was no one-oﬀ ﬂuke, and that the technology is replicable. In
sunny southern Andalucia in Spain, meanwhile, the 50MW parabolic
trough Andasol 1 project is nearing completion, to be followed by equalsized Andasol 2 and Andasol 3. And then there’s the announcement, hot
oﬀ the press, that Abengoa Solar plans to build the Solana Generating
Station near Gila Bend, Arizona. The plant will be generating power by
2011. (Solana means a sunny place in Spanish. Gila Bend is about 70 miles
southwest of Phoenix, Arizona; see box ‘Abengoa ﬁnds its sunny place’.)
Globally, the southwestern USA, the north Africa/southern Spain region,
and the Outback in Australia are the regions where direct normal radiation is strongest and thus most suited to CSP.
Unfortunately, Australia to date has lagged far behind the US and EU in
encouraging utility-scale solar thermal concentrating solar power. Even
so, private companies like Acquasol are lining up to build parabolic trough
solar thermal capacity there, because the nation has such strong solar
resources, and big electricity needs.
Meanwhile, the US federal Government still appears wedded to toying
with ineﬃcient, short-leash tax subsidies such as limited duration investment tax credits. These tend to create boom/bust cycles and short-term
gold rush mentalities in infant industries.
Happily, more sensible incentives are coming out of individual US States,
although the gold standard of renewable energy inducements remains –
hands down – certain European countries’ guaranteed, multi-decade
premium feed in tariﬀs for solar electricity and other renewables such as
wind. Taken together, this bundle of global incentives is now creating a
new wave of investment in CSP, particularly low-risk parabolic troughs as
shown by Nevada Solar One and the Andasol projects.
As more parabolic trough projects get built, US and European researchers
believe a kWh of parabolic trough electricity could fall from US$0.11/kWh
or so today to US$0.4/kWh by 2020. The bulk of these price falls will come
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Parabolic Trough technology – what’s
new?
Concentrating solar power parabolic troughs are sophisticated
optical instruments. As such, small improvements in precision lead
to large gains in eﬃciency. In the 1980s, ﬁrst generation parabolic
troughs aimed merely to hit a central receiver pipe with concentrated sunlight.
Today’s second-generation parabolic troughs (like those used in
Nevada Solar One and Andasol) have more precise mirror curvature
and mirror alignment. Other second generation improvements have
included placing smaller mirrors on the backside of receiver pipes to
capture and reﬂect any remnant scattered sunlight back onto the
receiver tube.
Naturally, companies are secretive about plans and covetous of
particular technologies for future third generation troughs, but a
few areas of improvement are easy to foresee. One would be
developing ways to generate steam directly inside the receiver pipe
to simplify energy conversion and reduce heat losses. Other
improvements may include more transparent materials in the
receiver tubes. One thing’s for sure:
R&D still has a long way to run with parabolic troughs, and costs
are expected to fall by half in the coming years.

Thermal storage
Create a better battery and the world will beat a path to your door.
This is just as true in concentrating solar power as it is in laptop
computers, mobile phones and hybrid vehicles. At present, molten
salt represents a somewhat clunky but workable ﬁrst-generation
solution for time-shifting afternoon-generated solar thermal energy
into evening consumption hour electricity. What could take the
place of molten salt? No one’s really sure. Increasingly specialised
salts are one possibility.
The creation of hydrogen is another. But both will take time to
develop. Until then, the industry is stuck with molten salt. Beneﬁts
include high heat retention. Drawbacks include complicated
handling and a need to improve its quick response dispatchable
power abilities.
While current molten salt storage facilities can hold hold heat for
about 7 hours, venture capital money is ﬂowing into companies
with technologies aimed at extending this. One company, Ausra,
claims its technologies in thermal storage can enable solar
generated power to be produced close to 24 hours a day. Ausra is
now working to get a commercially-operating plant up and running
in California.

from R&D, economies of scale in manufacturing, and from building larger
plants. Similar cost reduction dynamics are expected in solar towers,
dishes and fresnel reﬂectors.
Assuming global seriousness about battling climate change remains real,
minds staying focused and oil prices continuing to stay high, here’s a list of
things to watch in this now-rapidly moving industry:

Thermal storage
Parabolic trough concentrating solar power creates heat of up to
400 deg C. Thermal storage allows this heat to be kept in an insulated container,
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Tough, dependable and proven, parabolic troughs have singlehandedly drawn a line of indisputable respectability under the entire CSP industry.

so that the energy can be used later, for instance to double up power production during afternoon grid peak demand periods, or into the evening.
At present, molten salt is the medium of choice for thermal storage, but
this could change. The early, experimental California CSP plants had
heat storage, so does Nevada Solar One and so will the Andasol plants.
As experience grows here, look for innovation. As this occurs, the operational ﬂexibility of parabolic trough concentrating solar power plants for
the utilities will be broadened immeasurably, and this will have large
potential long-term positive impact on the economics.

Research & Development
Apart from molten salts and thermal storage, R&D should result in:
■ Higher eﬃciency mirrors;
■ More sophisticated tracking of the sun;
■ Better cleaning techniques for mirrors to reduce dust and increase eﬃciency;
■ More eﬀective heat transfer techniques;
■ Better manufacturing eﬃciencies and the economies of scale inherent
in ramping up production.

Power lines
CSP plants are best located in isolated desert regions where few people live.
This power needs to get to the cities. Therefore, the willingness of Governments and/or private investment capital to fund construction of high capacity
power lines to remote regions to service CSP plants will be crucial to the
industry’s long-term development. The good news here is that southern California is actively exploring such projects (Sunrise Power Link), and in Europe
proposals have been made to build high capacity power lines from North
Africa to Europe. In Australia, there are enticing signs that geothermal and
concentrating solar power projects could co-locate in the same regions,
making the economics of building power lines more attractive.
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Synergies between CSP and other technologies
One example is desalination. Concentrating solar power generates
heat, a lot of it. This heat can be used as a direct energy input to
thermal desalination. Or the heat can be turned into electricity to
power reverse osmosis, an incredibly energy-intensive process that
involves pumping seawater or brackish water at high pressure through
a membrane. Combining CSP and thermal and reverse osmosis in one
place offers huge opportunities for real cost-saving synergies, which
can create large-scale, environmentally-friendly power and water solutions. Other technology bundles will no doubt present themselves as
time goes on. CSP is highly flexible.
At present, it looks as if the concentrating solar power technology and
cost-reduction race appears parabolic troughs to lose. But thinking
that way misses the point. The looming global replacement cycle of
ageing fossil fuel electricity generation capacity is so huge that,
coupled with rising per capita energy use and the massively expanding
electricity needs of India and China, huge amounts of electricity
generation capacity are going to be needed in the coming decades.
Given this, the half-penny per kWh that may ultimately separate parabolic troughs from dishes, towers and fresnel reflectors may ultimately
pale into comparison with the dramatically lower cost that the technology enjoys over the long term, against any properly carbonadjusted costs of future coal, nuclear and natural gas capacity.
In the coming battle for global electricity generation investment –
based on low prices, greenhouse gas friendliness and proven technology – the global game certainly seems like it’s concentrating solar
power’s to lose. And within the concentrating solar power industry, it
certainly seems like the coming battle is parabolic troughs to lose. But
the other articles in this series can shed more light on that.
Next issue – Power Towers
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