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354 MW Luz Solar Electric Generating Systems (SEGS)
1984 - 1991
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On-Peak Capacity (%)

SEGS Historic Plant Capacity

Value

On-Peak Performance
For 5 Parabolic Trough Plants
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Source: KJC Operating Company

Insolation (kWh/m#2/day)

— Over 100%
capacity with
fossil backup

— Averaged 80%
on-peak
capacity factor
from solar

SCE Summer On-Peak
Weekdays: Jun - Sep
12 noon - 6 pm




Why the Decline in Interest?

* Low natural gas prices
* Loss of financial incentives
« Utility deregulation



DOE CSP Budget
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DOE CSP program 2003 - 2006



Why the resurgence?
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More and More U.S. Gas Wells
Producing Less and Less

|
U.S. Gas Rig Count

Gas Production, Befd

U.S. Gas
Production
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World Renewable Resource
Potential (TW)

Hydroelectric 2
Wind 4
Ocean 5
Biomass 7/
Geothermal 12

Solar 600

Source: Marty Hoffert, Nate Lewis



Pavific Qceoan
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Exclude:

- Used and sensitive land

- Solar < 6.75 kWh/m? per day

- Ground slope > 1%
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Solar and Wind Resources
Are Often Complementary
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State

Arizona
California
Colorado
Nevada

New
Mexico

Texas

RPS Requirement

15% by 2025
20% by 2010
20% by 2020, 4% Solar
20% by 2015, 5% Solar

20% by 2015

5,880MW (~4.2%) by
2015



2006 1-MW Saguaro Parabolic Trough Plant




New 64 MWe Acciona Solar Parabolic Trough Plant
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but the BIG ATTRACTION:
STORAGE!



Parabolic Trough Output Profile
Summer Day

APS Load (MWe)
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CSP Power Plant with Thermal Storage
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CSP Power Plant with Thermal Storage
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50 MW AndaSol-1 Parabolic Trough Plant w/ 7-hr Storage
Andalucia, Spain
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Planned 280 MW Solana Plant
with 6 hrs Storage

1500 construction jobs
over two years

85 permanent jobs

. APS

Renewable Energy

Artist Rendition



Cost of CSP (¢/kWh)

CSP w/10% ITC: 17

CSP w/30% ITC: 14 L _ _
The gap is closing

Comb. Cycle Gas: 12

?




Parabolic Trough
Potential Cost Reductions

Real Levelized Cost of Energy
(2006 $/kWh)
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—O—Baseline 100 MWe 2-Tank Indirect
—o— Molten-salt Thermocline @ 500C
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—0O—Baseline Plus Advanced Solar Tech
—{—Scale-up to 200 MWe
—3—Power Park w/ 3X Learning




Linear Fresnel




Planned 177 MW Air-Cooled Plant for PG&E

Artist Rendition



Power Tower or Central Receiver
with Thermal Storage
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Abengoa PS10 and PS 20
Seville, Spain




BrightSource Distributed Power Tower
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Dish/Stirling System

Flexure Bearings f
§ Heat In

Linear Alternator Flexure Bearings

Cooling Water



Six Dish Prototypes at Sandia-Albuguerque
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the future of csp




Contracts for over 4,500 MW of U.S. Projects

1,365 MW

1,750 MW

1,211 MW

177 MW




Solar Applications for BLM-Managed Land

Over 50 different companies have filed 97,000 MW of
applications

40% trough; 20% tower; 20% PV; 20% other

Technology
State Cases Aaes MWs
csp PV Unknown
AZ 38 771,060 27,258 34 4 0
CA 72 639,172 48,181 42 27 3
CO 1 2,100 150 0 1 0
NM 7 61,919 3,070 6 1 0
NV 40 299,640 18,920 31 9 0
Totals 158 1,77 3,891 97,597 113 42 3




Over 7,500 MW Planned Worldwide

A SPAIN
UNITED STATES'
4500 MW

~ ISRAEL

o : P "
1000 MW =722 400 mw. < 400 MW"
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Long Distance Transmission: Europe
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Long Distance Transmission: U.S.
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Challenges for CSP



Water Usage

« Hybrid air/water cooling systems can reduce water use
80% with modest performance and cost penalties

TURBINE
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Land Use/Habitat




NREL CSP
R&D Highlights



Optical Collector
Characterization

Target -
optic of
interest
reflects laser

camera at
end of boom
looks back

toland ata

point on this
target

at target and
records the
location of
the refiected
laser.

Laser Shoots out-of opening ' F i e | d teSt

in the center of targef to
land on optic of interest.

Indoor test



Optical Efficiency Test Loop

A e W

SkyTrough undergoing test

Control room showing tracker
and loop controls



Distant Observer
Field
Assessment Tool







Receilver heat loss:
lJaboratory measurements

Comparison of UVAC3 and UVAC2 Heat Loss

A
NREL Thermal Test Bed - March and October 2007 PN NR=!
Information regarding testing available at: S -

http:liwww.nrel.govicspitroughnetitesting_standards_reports.html#receivers v
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Recelver heat loss:
field surveys

HCE glass at 150 °F 5
_ i 350 0°F
HCE glass at 300°F 5
J L300
: — 200
Pr— £
- 100
25 0°F

Infrared image of hot and cold tubes

Camera and GPS for exact
positioning



Advanced Materials Development
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ReflecTech® film

Low-€ receiver coating



Modeling and Analysis

Solar Advisor Model (SAM

Regional Electricity Deployment
System Model (REEDS

Cumulative Installed Capacity (GW)
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Facilities Under Development/Construction

Energy Systems Integration Facility

- El‘ler Syems . TR N
 Integration Facility . {5 =

Solar Technology Acceleration
Center

Solar Technology Acceleration Center MR'@ SolarTAC &

Aurora Campus for Renewable Energy, Colorado Technology Acceleration Center



GET STARTED > G

$(ase Stud : Southern Hospitality at
the LEED Platinum Proximity Hotel

> (an Incentives Help Sustain
Solar Boom in a Bust Economy#==

> Meet Solar Hero and Green Héusing

) Advocate Evan T. Little
' >Finally, Climate A&ibn
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ear Up for Your Solar Career pag 36
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TACKLING CLIMATE CHANGE:

Concentrating Solar to the Rescue

Why a nec
By CHUCK KUTSCHER

hat comes to mind whaen you think of sclar
Wm\:m:n,ﬂ If you're like most pecple, you

think of photoveltaic (FV) modules. Bat
another type of solar tachnology genentes ekdricity
in 2 way that is much like conventional power plants:
concentrating solar power, oc CSP. As kagtime solar
advocate Fred Morse puts it (in 2 takeodfoa the old pork
industry ads), CSP s “the other white meat.”

CSP 15 simple enough. Mimrors concentrate solar
nergy, produdng the high temperatures needed to
efficiently run 2 thermodynamic heat cogine. Because
diffase sunlght can't be focused, CSP plants work bast
whare skks are very dear, like the sothwestem Unitad
States. A stedy doae foc the Westem Govemors’ Assocha-
tion Jocked at the Scuthwest and fitered cut land that
was already telized or environmentally seaskive, had a
grownd slope greater than | percent and had anything
Jess than the begt solar rescurce (6.75 Mlowatt-hour per
square mater par day of drectradiation ). They coacisded
that the remaining land couM provide six times the cur-
rent U S, lectric capacity.

CSP lsn't new. In the 15805, the Isrel company Lex
constructed nine plants foc a total of 354 megawatts
(W) of CSPin the Moyave Desert, and these plantsare
stil operating successfuly. They employ tracding pan-
balic trough reflectoes to focus sunlight onto evacuated
tube receivers, through which 2 high-temperature baat-
transter fldd is pumped. The flud trangers itsheat to a
bodler, and the steam spins 2 tubine-genceator.

After the last Luxplant was bult in 1991, Luz went ot
of business. The doss of inandal incentives, kow natural
s poicesand wtilty deregulation all conspirad to kil the
industry. But Inthe last three years, CSP has experienced
arebirth Higher natural gas pekces and a 30 percent fad-
cral investment tax aredit, recentty extended for cight
years, have made CSP atfractive again. Renewable port-
follo standands in 28 states have put pressuce on utilities
to produce or buy ek dricky from renewibk cncrgy. And
wtilkhks understand Mg steam-gencrating power plants.

102006, Solargentr(nowAcckaa, acooaa o) instalkd
Amenc’s frst new parabolic trough power plant in 1S
years. Akhough only | MW in size, the Sagwaro plant

10 Agli0 SOLAR TODAY relaiodupcly

www.solartoday.org

. o .
forgotten s hnology is emerging as

cutsk Tucson provided the fild expericnce needad to
budld the 64-MW Nevada Solar One plant cutskd Las
Vegas caly a year later. The Saguar plant also gave An-
1002 Public Service (APS) experience integrating CSP
into their grid. When APS dedded recently to ceder 2
new power plant to service Phoealx’s growing popula-
thoa, they compared wind turbines, photovokaics and
CSP to a new combined-cyde natural gas plant. They
chose CSP bacausa it offors one key advantage: stocage.
CSP plants generateheat, and stocngbeat bs cheaper and
more efficient than storing eRctricity.

The 250MW (net) Sclana plant being bullt by Aben.
g4 (ibengoa com ) for APS will incorporate sxhours of
thermal stocage. A parabole trough collector fiM will
be oversizad o that, when the sun is shining, it wil not
caly generate dectniaty to send ot to the gnd but wil
also hieat tanks of molten salt. After the sun sets, the haat
from the molten salt will be transtemed to the same flud
that goas through the colkctoes, which can then con-
tinue to boll water fo the steam turbines. This the utilky
can mest high demand through the evening hows whea
pecpleget home from woek Solana is expected to create
1,500 coastructioa jobs and 85 permancat jobs.

‘Whik the Solana plat wil employ stxhours ofstocage,
and new plants n Spain are using seven howrs, analysts
# the Nathoad Renewible Encrgy Labocatoey (NREL)
are looking into 12 hours or mace of stocage, alowing
CSP to compete in the bas: load power market, now
dominated by coal, the weest carbon cmitter. Of courss,
carbon geke legislation wil be needed to alow CSP to
compete eccacaically against codl.

It is estimatad that eectricity from Solana will cost
about 14 - 15 cants perkilowatt-hour, aiter the tax credt,
compared to about 12 cents per kilowatt-hour for anew
combined-cyck plant. But the solar plant wil diminate
the risk assockated with potential fiture peice hikes in
natural gas. While further cost reductions are needad,
CSP technclogy s mpeoving, The newest receiver tbes
belng tasted at NREL Jose significantty kss baat than
those at Nevada Solar Cae. New patymer reflector mate-
rlals have the potential to replace heavy glass micrors, thus
reducing the overall colector cost. One nead caly look

Copight © 2000 by the American Sola Envip
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o Climate Change: Here Today, Gone Tomorrow (2050)
A pathway to U.S. carbon emission reductions
Timothy Stovall, Kathleen Stynes, Philip Taylor

Climate Change Happenlng Caused by People Carbon Emission Displacement Wedges Transportation Efficiency Funding Deployment of Renewables

Rapid commercial, industrial and Corporate Average Fuel Economy (CAFE) Standards Currently, solar photovoltaics and concentrating solar

agricultural expansion has released 4 & <5
hgge amountspof gFoorholss gases o . « Increase fleet average mpglyear power are more expensive than traditional electricity

into the atmosphere causing global

COtppm) 150

h l,‘ 5. « Historic precedent 18mpg(1978) to 28.5mpg (1988) 5 e st Fons]
warming. Figure 1 shows that CO, \\\/f V\,} JN\* s X . § - | o,
concentrations are higher than I Reduce national Vehicle Miles Traveled (VMT) £ .
anytime; during, the |jast 430,000 \‘ *K £ * Increased gas tax and improved public transportation B
years and that temperature W, W, H [ Transportation € iciency| S =
changes are tightly coupled to the 3 E 1 [ConasEaceney « Historic precedent: 3% reduction from 2007 to 2008 H
concentrations  of  greenhouse “\% i sul [ 125 £ -
gases. Figure 2 shows that | | o Stabiizetion ot ¢50ppm o o
observations of recent global <t . s o e o = m ¢ o
temperature rise are attributable to s - e g e )
anthropogenic sources of emission. Figurel:l_:ng- i:(ti short-t:rm g(l;lszgl co, Figure 5: Stabilization wedges :ccounti‘ﬁg?oremissionredumionsby each sector. g e me A V:ﬂfPudumjunB:[glal:: = B s
GonesritiaHanand empelatire (5138 . . g 60 Figure 11: costs of energy jes 2010-2050
Global Global Land Global Ocean Grid Integratlon H o L.
oy R The federal government should subsidize electricity
10 10 B0l —— coease H

A 2 ) " ST generated from wind, CSP, and PV based on the

incremental cost over traditional electricity in the year
generation begins.
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Figure 1: Annual anomaly ions fit 309 Figure 9: Projected reduction in gas consumption in the U.S. 2010-2050

with fit including and excluding anthropogenic forcings. .

Stabilization at 450 ppm CO, )
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Building Efficiency

%
3 ; . _— H
1) Limit warming to 2°C to avoid most “tipping points” IR RO RO TR R Design to the neuitral cost point (60% energy savings)in all f |
SystemLoad = System Load Minus Wind Generation  ~Wind Generation new and renovated buildings. i ”
— o i ; ; H
R Figure §: Intermittency in wind causes misalignment with load By 2050 75% of building stock will be either new or renovated L5
5000
— = u ||||II|
= - S P B0 20w
3 B 4000
Es = Surplus PV Greensbu Figure 12: Annual
g . igure 12: Annual costs to subsldlzerenewzble energy technologies
i e T e
E 01 ost P .
R Lo i ] - - Carbon Cap-and-Trade Policy
nventional 2500,
5 '5 Generation & e i . o
- te e Normal Load § 2000 3 F Regulate emitters over 10,000tClyr (83% of U.S. emissions)
. e _— = _— 3 Load 5 1500 . L .
Figure 2: Climate-biosphere systems that exhibit threshold type behavior with a — i e 2 Establish an emissions target each year for those emitters
warming. Arctic Sea-Ice Loss and Greenland Ice Sheet Melt respond to < 2°C. 1000
- - S ! 0o 4 8 12 16 2 Energy Star :
2) Political Feasibility: 450 target fits emission reduction Hour 500 BEopt Bota 0804 Auction carbon allowances
pathway in 10/10 110" Congressional cap-and-trade proposals Figure 7: Example of load shifting to accommodate PV penetration T B ® % & & R &% % 10 equal to that emissions target = \\
’ issi t Source Energy Savings (%) 2
T Business As Usual Transmission ECC 2008 ) " o Reinvest revenues to 3"
515 Figure 10: Energy savings by adding energy efficiency into building subsidize renewable energy S
8, + New transmission for 550GW of new capacity costs $110 billion design (Judkoff. MRS Bulletin Vol 33. April 2008) technologies i,
"
g ..... . . e . e . Mar 3
31 + Private investment $8 billion in 2007, $8.4 billion in 2009 s - . e Allow regulated emitters to ——
H ; : nw : o . -
ot Linearization = « With continued private investment, required transmission ay, Al e R S B buy end sell allowances from Figure 13: Priceofc;rbon required to
§ department (most are understaffed, underfunded) each other 9 : a
£os complete by 2027 subsidize renewable energy
8

“We Energies: Reduced 55MW peak load by marketing.

«Green jobs added 8.5 million jobs and generate $970 billion in revenue

+ Climate change is a real and pressing issue

0+ -
2010 2015 2020 2025 2030 2035 2040 2045 2050

Year
Figure 3: U.S. BAU, WRE 450, and Linearization stabilization pathways from 2010-2050 -Marketing has potenti alto drastically improve energy efﬁciency support

The Way Forward and progress. « Stabilization at 450 ppm CO, will avoid the most devastating
Incustrial Electricity Generation accounts for 40% of U.S. Fuel Reduction and Energy Efficiency Standards consequences
s CO, emissions (distributed across all sectors) FREEdom. standards to replace CAFE standards + The U.S. can achieve the necessary carbon emission
«Establish %xed annual increases in standards reductions through energy efficiency and low-carbon electricity

Buildings Emissions to Target
an *Transportation Efficiency
*Building Efficiency
«Electricity Generation

+*Allow trading between auto manufacturers
*Remove carflight truck categories
+Apply standards based only on vehicle size

+ Renewable energy deployment will be subsidized with
revenue from a cap-and-trade policy

Transportation
32%

+ Marketing and regulation will be used to promote energy

Figure 4: U.S. CO, emissions by sector Flgure 8: Fopuation densty,and renewable resoutoes in hUl:S. + Sandalow. “Freedom fom OfF 2008, efficiency improvements
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