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Concentrating Solar Power
Concentrating Solar Power (CSP) is
electricity generated from mimors o focus
sunlight onto a ver that captures the
sun's energy and converts it into heat that
can run a standard turbine generator or
engine. CSP systems range from remote
power systems as small as a few kilowatts

o grid-connected power plants of

megawatts (MW). CSP systems

« best in bright, sunny locations like
the Southwest. Because of the economies
of scale and cost of operation and
maintenance, CSP technology works best
in large: power plants.

Why CSP?
« Clean, reliable power from domestic
renawable energy

+ Operate at high annual efficiencies —
Firm power delivery when integrated
with thermal storage

+ Easily integrated into the power grid

» Boosts national economy by creating
many new solar companies and jobs.

CSP Power Plants
More than 350 MW of CSP systems were

MINDID 1999150 2239 DOE N S y1913 997 ¢ 3 NoD)

Concentrating Solar Power

Types of CSP Systems

Power Tower

A section of the parabolic troughs from the
Nevada One project tracking the sun.

This 10-MW power tower facility known as Solar
Two near Barstow, Califonia, demonstrated

These new record-performing dish engine

installed in California in the 1980s. More ’ e
systems are being commercialized.

recently, GSP has experienced a rebirth.

Two plants were completed in 2006 and
2007: the 64-MW Nevada Solar One in the
1.5. and the 11-MW PS10 power plant in
Spain. Three 50-MW plants were under
construction in Spain at the end of 2007
with 10 additional 50-MW plants planned.
In the U.5., utilities have announced plans
for at least eight new projects totaling
more than 2,000 MW. Numerous integrated
CSP/combined-cycle gas turbine power
planis are under development in North
Africa and Califomia.

muolten salt storage.

Key Environmental Topics

Energy Payback (Input vs. Output) — The energy payback time of CSP systems is about 5 months.

CSP power plants also pay back in jobs, tax revenue, and increase gross state product.

Greenhouse Gas Mitigation — Compared to fossil-fueled power plants, CSP power plants generate
significantly lower levels of greenhouse gases and other emissions.

Toxic Emissions = CSP is clean, non-polluting, and has no carbon emissions that contribute to

climate change.

Land Use — CSP plants use approximately 5 acres of land per MW of installed capacity. Enough sultable land
is available in the Southwest to generate six times the current U.S. demand for electricity.

Health & Safety — The health and safety risks associated with CSP power plants are the same for any
power plant. Employee health and safety measures are in place to protect workers from injury.

—
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In January 2008, Stirling Energy Systems

(SES) set a new solar-to-grid system
conversion efficiency record at 31.25% on
SES's “Serial#3" solar dish Stirling system at
Sandia National Laboratories Solar Thermal
Test Facility. It produces up to 150 kKW of
grid-ready electricity. Each dish unit consists
of 82 mimors.

Future Power Plants

» Spain — Solar Tres (Solar Three), a 15-MW
power plant using Solar Two technology
will be three times as large as Sofkar Two.

« California — BrightSource Energy is
building 500 MWs of distributed towers.

+ Spain — Abengoa is constructing a larger
version of P510 called PS20 near Seville.

» Australia = Announced plans to build a
10-MW plant with heat storage near the
town of Cloncumy.

 California — Announced plans to build an
800 MW of dish engine systems in the
Mojave Desert and imperial Valley.

Concentrating Solar Power -
oint Focus Reflector Technologies

=

Power Tower

Types of Systems

Dish Engine

Solar Two, located in Daggett, Califomnia,
generated 10-MW of solar electricity before it
was decommissioned in 1999,

Operational Receiver Technology Power Plants

First Year of Dperation

R =
This solar dish-engine syste|

energy and concentrates it on a small receiver. The
thermal receiver absorbs the concentrated beam of
solar energy, converts it to heat, and transfers the
heat to the engine/generator.

How They Work

Receiver technology focuses concentrated sunlight onto a
receiver o power an engine that produces electricity.

Foi& 0

l'l I
Power Towers—use large sun-tracking mirrors, called
heliostats, to focus the sun's energy on a receiver located
atop a tall tower. In the receiver, molten nitrate salts absor
the heat, which is then uzed to boil water to steam, which is
sent to a conventional steam turbine-generator to produce
electricity.

Solar Dish-Engine System—an electric generator that uses
sunlight to produce electricity. The dish, a concentrator,
collects the sun's energy and concentrates it onto a receiver.
A thermal receiver absorbs the concentrated beam of solar
energy, converts it to heat, and transfers the heat to the

engine/generator.
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Nevada Snl-a_r One is the 3rd largest parabolic s{llar-
power plant in the world.

Future Power Plants

s constructing a 280-MW parabalic
with 6-hour molten salt storage.

California

= Solel is constructing a 553-MW complex of parabolic
trough power plants in the Mojave Desert.

= Beacon Solar Energy Project announced plans to
build a 260-MW parabolic trough plant.

= Victorville 2 Hybrid Power Project announced plans
to build a 563-MW natural gas plant with a 50-MW
parabalic trough addition.

= Hybrid Gas-Solar Project —The city of Palmdale
planz to build a 570-MW natural gas plant with a
50-MW parabolic trough addition.

# Harper Lake Solar LLC announcad plans to build
a 250-MW parabolic trough power plant in San
Bernadino County.

* Ausra Inc. announced plans to build a 177-MW CSP
power plant using compact linear Fresnel reflectors
near San Luis PO

Spain

= Solar Millennium, Flagsol, Cobra 5.A., and Sener
SA., are building a 'W parabolic frough plant
called Andasol 1 in Granada. An Andasol 2 and 3 are
already being planned.

= |berdrola is constructing a 50-MW parabolic trough
plant at Puertollano in southem Castils.

Israel

= Solel is constructing a 150-MW parabolic power
plant in the Nevada desert.

Egypt

= Egypt announced plans to build a 40-MW steam
input for a gas-powered plant with parabolic trough
design.

Algeria

= Algeria announced plans to build an integrated
solar combined cycle power station near the town
of Hassi R'mel. The plant will combine a 25-MW
parabolic trough array in conjunction with a 130-MW
combined cycle gas turbine plant.

Abu Dhabi

# The Shams Project announced plans to build a
100-MW parabolic trough power plant near the town
of Madinat Zayad.

Morocco

# The announced Beni Mathar Plant is an imtegrated
power station with an installed capacity to generate
AT2-MW of electricity, including 20-MW from a
parabolic trough solar power addition.

A8

Concent
Parabolic Reflector Technologies

v =y

P

Close-up of a parabolic trough showing collector
tube containing oil at trough focal point

ating Solar Power -

Operational U.S. Parabolic Power Plants

Types of Systems

Linear Fresnel Reflectors

Close-up of compact linear Fresnel reflectors focusing
sunlight onto a receiver.

Parabolic trough solar systems use long, parabolic-shaped
mirrors or linear Fresnel reflectors to collect and focus
sunlight onto a receiver tube that contains a fluid. The fluid
inzide the tube is heated to create superheated steam that
powers a turbine generator to produce electricity.

Parabolic Trough Collector - The sun's energy is

concentrated on an oil-filled, solar absorbing transparent
glazs tube running along the focal line of the parabolically
shaped trough.

Linear Fresnel Reflectors - Differ from parabolic
trough in that the absorber is fixed in space above the
slightly curved or flat Fresnel reflectors. Sometimes a small

Plant Name Location First Year of Operation | MW | Solar Field Area (m2)
Nevada Solar One Boulder City, NV 2007 64 357,200
APS Saguaro Tucson, AZ 2006 1 10,340
SEGS IX Hamper Lake, CA 1991 80 483,960
SEGS vl Harper Lake, CA 1900 80 464,340
SEGS VI Kramer Junction, CA 1989 30 188,000
SEGS VIl Kramer Junction, CA 1989 30 194,280
SEGS V Kramer Junction, CA 1988 30 250,500
SEGS Kramer Junction, CA 1987 30 230,300
SEGS V Kramer Junction, CA 1987 30 230,300
SEGS 11 Daggett, CA 1986 30 190,338
SEGS | Daggett, CA 38 82,960

parabolic mirror iz added to the top of the receiver to further
focus sunlight.
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