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Fixed Input to
Concentrated Solar
Thermal (CST)

Extraterrestrial Radiation



Solar Spectral

(ASTM G173-03 Reference Spectra Derived from SMARTS v. 2.9.2)

Circumsolar Radiation - the
amount of solar radiation
coming from a circle in the sky
centered on the sun's disk and
having a radius of between
2.5 and 3.5 degrees,
depending on the type of 2.0000E+00
instrument being used to
measure beam radiation
(direct normal irradiance).

Direct Normal Irradiance -
synonym for beam radiation,
the amount of solar radiation
from the direction of the sun. 1.0000E+00

ETR - extraterrestrial radiation, also
known as "top-of-atmosphere"
(TOA) irradiance, is the
amount of global horizontal
radiation that a location on
Earth would receive if there
was no atmosphere or clouds 0.0000E+00
(i.e., in outer space).

"Global Tilt" = spectral radiation
from solar disk plus sky
diffuse and diffuse reflected
from ground on south facing
surface tilted 37 deg from
horizontal

2.5000E+00

1.5000E+00

5.0000E-01 ML i

Wave Length

— Etr W*m-2*nm-1 — Global tilt W*m-2*nm-1 Direct+circumsolar W*m-2*nm-1




Total Solar Spectral Radiation

Integrating Under Each Curve:
e ETR (extraterrestrial radiation) = 1,356W/m?
e Global Tilt = 1,003W/m?

e Direct Normal Irradiance+ Circumsolar
Radiation = 887W/m?2



Six Components of CS'T

Recelver (heat exchanger)
Reflectors (mirrors)

Support Structure (for mirrors and
receiver)

Tracking (mechanical)
Control (SCADA, HMI, Tracking)

Piping

These components along with a thermic fluid

to water heat exchanger form the
equivalent of the boiller.



Cost Contribution of Each
Component

s Recelver = 13% to 17%

s Reflectors = 16% to 24%

s Supporting Structure = 35% to 50%
s [racking = 20% to 24%

s Control = 1% to 1.5%

Raw data provided by Ashvin Shah, Estimated Costs of Solar Thermal and
Electrical Energy, August 1999

It Is the reflector that has gained the
majority of the attention.



SplaiRellectors -
IGIACONCENated SolagRower (CSP)NS
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corice) rator approaches I USe.
> Vel oriny /. ofi applications utilize metalized (Al
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g iIBW Iron glass (white glass).
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— fﬁependmg on the CSP technology
~ employed, in general, mirrors are elastically
- formed (glass <1mm thick), slumped glass
(typically 3mm thick) or flat.




Power Towers

Solar Two located in the Mojave Desert of California.
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Solar Two Heliostat
(Flat Glass)

.



http://upload.wikimedia.org/wikipedia/commons/1/16/Solar_Two_Heliostat.jpg

Panrabolici Treuah
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(implementation Photographs by David Mills of ASURA)
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Power Towers

« Solar Two utilized 1,926 heliostats totaling
82,750m? (120We/m?) on 126 acres of land.

(“Solar Two The Solar Project”, Wikipedia)

* While in operation between 1996 and 1999 this
facility produced 10 megawatts of electricity at a
cost of $48.5 million ($4.85/We, $586/m?) .

(“Sandia Labs Shares Major Solar Success With Industrial Consortium”, Chris Miller, Sandia Labs, June 5, 1996)

* More recently in 2007, a solar power tower
project was completed in Spain with a nominal
power capacity of 11MWe totaling 74,880m?
(147We/m?), at a cost of $47.8 million
($4.35/We, $638/m?).

(“First EU Commercial Concentrating Solar Power Tower Opens in Spain”, March 30, 2007, ENS)
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Paraoolic Troucr
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- = Euro Trough TrrGranada Spaln operatlng since

~ 2006 produces 49.9 megawatts of electricity +
6Hrs storage + 25% reserve using 510,120m=* of
mirrors (255 W./m?) at a cost of $390 million
($2.99/W,, $765/m?).

(“AndaSol-l1 and AndaSol-II”, Antonio Gomez, Marcello Formica)

= The Nevada Solar One trough plant completed in

97 prod egawatt ctﬂ'CTWﬁm—

m e/m?) eosting
$220 million, ($3. 44/We $616/m?).
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Stciger | C mstalle near Sydney
\LIS grrnj usmg 1,360m= mirrors producing
;me gJevatt thermal

(”F]r:‘ EJI mm Compact Linear Fresnel Reflector”, Mills, Livere, Morrison)

Ezli“ oo 11 this facility Is expected to produce

meegawatts electric using 17,000m?2

‘mirrors (258W./m?) at a cost of ($A7
million) $US4.7 million ($1.07/W,
$276/m?=).

(“Stanwell Solar Thermal Power Project”, Burbidge, Mills, Morrison)
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Parabolic Poinl Conceniaio);

¢ The SES (Sterling Energy Systems)
87m= dish, one of six Installed at
Sandia National Laboratories In
2005.

¢ The combined output preduces
150Kw of grid ready electrical pewer
(287We/m=2 @ estimated $450 to
$600/m?=).

(PHYSORG.com, “New world record for solar-to-grid conversion
efficiency”, Feb 3 2008)



The Challenge

¢ Cost
— Assumiing coal at $90/toen ($125/ten two
moenths age) and the construction; Cost
offa fossil fuel plant at $2.25/\W, to
compete CSP. must achieve $200/m= at
= S22/



Conclusion

—\We know how to concentrate the sun
and make steam.

—\We doen't Knew.: Rew: te
UNn and mak ‘eam at

Wit




Major Cost Contributor

— The glass mirrors comprise 16% te 24%
of the component cost.

— Adding In the portion of the structure
Used toe suppoert and stiffen the mirrers
the cost IS more like 50% ek dish o)
neliestats, and 75%) 6l a treugh:

(Kennedys Nenvilliger, “Optical Durability: e candidater Selar Reflectors Internationall Selar:
Energy, Conierence July 2004)



Challenges to Low Cost Reflectors

¢ Industry drive for high optical efficiencies.
— Requires low Fe glass.

— Broad band high reflective metallization (Ag or Al).

& 7% of terrestrial radiation resides in the UV band.
— Ag 84% reflectance in the UV band
— Al'92% reflectance in the UV band

& 24% resides in the IR andi near IR band.
— AgI99% reflectance in IR andinear IR

— Al'98% reflectance in IR and near IR.
— BKY7 glassi 649 inR, 94%Near IR

— Bread band antl refiective coatings.

¢ Industry need for duraniiity,

— Withstand load firenm Winds, of SOmphrter 6@Gmiph Wille
malntaiingl eperatien (100 mphLs ol POSItIeN):

— Highr humidity, 2nd raim:

— \Withstane dustraneraerasion), erganic andiRerganic
poelitien

— 10 years minimumliie; prefer 20N/ears,



Challenges to Low Cost Reflectors

¢ These challenges are selfi Imposed as
a means ofi mitigating cost.

¢ How much more can the glass
Industry iImpreve the efficiency and
duralility: off thelr secend surface
MIEreKS 72 Aty Wihals COSt?

¢ Is there more that can be done to
IACrease the strength stichr that
structural costs can be decreased ?



Challenges to Low Cost Reflectors

& Are there new glasses or other reflector
materials that can be implemented
more economically? At what cost?

¢ Since reflective materials are multi-
layers, technelegy Imprevements to
seal edges; for lenger life. At what: cost?

¢ IS there mere that can e dene e
reduce the preductions cost of glass

mirrors relative to other materials?



SUMMARY

» Concentrated Solar Thermal applications
have a great deal of potential

* We don’t know how to concentrate the
sun and do it at a cost that can
compete with fossil fuel plants

* The reflectors/structure could be as much
as /5% of cost of the “solar heater”

» What can the glass industry do to
Improve price-performance ratio?



THANK YOU FOR
YOUR ATTENTION
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