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/ Energy Efficiency and Renewable Energy Obijectives and Funding

: Bringing you a prospesous future where energy is clean, abundant, refiable, and affordable

« Support the development of parabolic
trough technology for central station
power generation by improving the
performance and reducing the costs of
solar field components

FY08 Funding: $1,139K
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% Energy Efficiency and Renewable Energy Team Members

Bringing you a prospesous future where energy is clean, abundant, refiable, and affordable

* Frank Burkholder —Ph.D. graduate student, heat transfer and optics (2
student research awards--ASES, ASME)

* Dr. Keith Gawlik — heat transfer and CFD expert (2006 NREL Staff
Award)

« Dr. Greg Glatzmaier — chemical engineer

« Allison Gray — mechanical engineer, heat transfer, CPV, 2-axis trackers,
UNLYV Center for Energy Research

« Gary Jorgensen — optical and materials expert, Reflectech patent

« Cheryl Kennedy — completing Ph.D., materials expert (1989 NREL Staff
Award)

* Dr. Chuck Kutscher — heat transfer, solar collectors (ASES 2006 Abbot
Award, 2007 NREL Chairman’s Award, 2008 Governor’'s Renewable
Energy Individual Award)

- Kathleen Stynes — Ph.D. graduate student, heat transfer, data acquisition
« Tim Wendelin — optical and collector expert (2008 NREL Staff Award)
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% 7 Energy Efficiency and Renewable Energy Activities

Bringing you a prospesous future where energy is clean, abundant, refiable, and affordable

» Optical measurement techniques
— Mirrors

— Overall collector
— QOverall field

* Optical model development

* Advanced absorber coating

* Receiver heat loss measurement
* Hydrogen mitigation
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Optical Measurement
Techniques



Optical Testing Research Facilities

v VSHOT testing of
=tk concentrators

Optical efficiency testing on 2-axis tracker




&% US.Departmentof Energy
;' 7 Energy Efficiency and Renewable Energy

Bringing you & prosperous future where energy is clean, abundant, refiable, and affordable

Rapid, high-accuracy measurements of reflector

shape in laboratory and field environments ensure
high quality of new mirror designs

Target -
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‘4 # Energy Efficiency and Renewable Energy VSHOT Im provemen ts

Bringing you a prospesous future where energy is clean, abundant, refiable, and affordable

All-in-one test jig capable of supporting
a large variety of reflector panels

VSHOT to go — target extended to
characterize troughs with apertures to 6m
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j Energy Efficiency and Renewable Energy

Bringing you a prospesous future where energy is clean, abundant, refiable, and affordable

e Supporting mirror, glass, and concentrator companies for
both linear- and point-focus systems

— Abengoa, SkyFuel, Reflectech, GlassTech, Solar Systems, etc.
* Surface contour data is provided with a <0.25
milliradian accuracy

« Improvements of over 4.0 milliradians obtained in
SkyTrough

« Extending to larger reflectors
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_ £ 7 Energy Efficiency and Renewable Energy O pti cal Efficien Cy Test Loo P

Bringing you a prospesous future where energy is clean, abundant, refiable, and affordable

« High-accuracy measurement of overall collector optical
efficiency to ensure high overall collector optical
performance

« Acciona trough tested: 79% optical efficiency
» SkyFuel collector mounted for testing

Chglher heat
exchanger
—
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Collector drain SCR
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Bringing you a prospesous future where energy is clean, abundant, refiable, and affordable

Optical Efficiency Test Loop

||| |I. ||

8-m long trough undergoing test

Control room showing tracker
and loop controls
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e Bringing you a prospesous future where energy is clean, abundant, refiabla, and &

Distant Observer Field -. :
Assessment Tool _ i i

Will allow rapid assessment of
entire field during and after
installation

Can assess installation quality,
foundation settling, mirror
alignment, wind and torque

effects, receiver alignment and
sagging, receiver heat loss,
reflector clamshelling, and
tracking error

If field performance is under
design, DO can determine why

Supported by FPL Energy,
Sunray, SkyFuel, Abengoa, and
Acciona




Application of Distant Observer to Mesa Top Collector,
before and after Receiver Position Adjustment

i s Before adjustment — After K. Gawlik raised the receiver

axis — camera tested Moo =60% " Py
optical axis (deg) Nogtical 0 inches” — tested Nygiea™79%




Comparison of Optical Tool Capabilities

Capabilities
Mirror slope error
Mirror alignment

Real time mirror
adjustment

Receiver position
Receiver sagging

Tracking error

Effect of collector
orientation

Large area
assessment

VSHOT
+/- 0.25 mrad

TOP

X
X

1-2 weeks for
30 MW field

* Not a current capability but possible

Future DO
+/- 2 mrad?
X

X
X

X
X

1 day for
30 MW field



Status and Recent Progress

» Feasibility study completed during FY08
— Conceptual design developed

— Data acquisition and image processing requirements
assessed

— Capabilities demonstrated
— Plans for prototype hardware devised

* Prototype system will be
deployed during FY09
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S ) o ) Optical Modeling

SolTrace Troughs

« Optical ray trace modeling code in use by
labs and industry to validate designs

« Available on TroughNet Tools webpage
« Copyrighted, patents pending

« Easytouse

« Solar-friendly

 FYO08: new geometry options, accepts
VSHOT data
 FYO09:
— Increase speed
— Allow popular geometric model inputs

— Allow additional surface characterization
methods

O, Luteal L2 S

Heliostats
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Bringing you a prosperous future where enargy is clean, abundant, refiable, and affordable

« Deposited improved, solar-selective coating with
emittance = 0.07, absorption > 95%, stable > 500°C

* Filed for patent (11/07)
* Negotiated CRADA and negotiating license agreement
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Comparison of UVAC3 and UVAC2 Heat Loss

NREL Thermal Test Bed - March and October 2007 ‘? ?’N?-'
Information regarding testing available at: Q & -——
http:liwww.nrel.gev/cspitroughnetitesting_standards_reports.html#receivers
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Test results showing reduced heat loss for
Receiver test rig Solel UVAC3 receiver compared to UVAC2;
new Schott receiver will reduce LEC by

0.5 cents per kWh (SAM)
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Bringing you & prosperous future where energy is clean, abundant, refiable, and affordable Fleld Surveys

- B HCE glass at 150°F 350 0°F
HCE gla 38 at 300°F _
- 300
— 200
- 100
25 0°F

Infrared image of hot and cold tubes

Camera and GPS for exact positioning

Technology successfully transferred to industry (FPL Energy);
two people can survey 30 MW field in two days
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Bringing you a prospesous future where energy is clean, abundant, refiable, and affordable
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Sy ) o ) Hydrogen Mitigation

* Developed model of hydrogen evolution in current HTFs

« In FYO09, working with industry partner to implement mitigation
procedure

H, permeation from

. H, permeation from H? efflux
i annulus to ambient / receiver tube to annulus Annulus\ within HTF
- r'd A A A _%\_ :
fo) |

Q
_\y_ = = / = \< = _‘%&\ Bellows

- H, generation
H, influx Receiver tube / Glass tube / 29 '
within HTF

Vy
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Bringing you a prospesous future where energy is clean, abundant, refiable, and affordable Approach : Su m mary

Addressing barriers/needs:
— Optical accuracy

— Receiver thermal losses

— Field performance degradation
— Cost

— Modeling capability

» Close collaboration with industry
« Optical testing, materials development, and analysis all

aimed at providing near-term improvement in parabolic
trough collectors

« Strong emphasis placed on experimental
accuracy/uncertainty analysis

« Topnotch graduate student interns utilized to minimize
cost, develop labor pool
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e Energy Efficiency and Renewable Energy

« Strong team of solar, optical, and materials
experts

« State-of-the-art facilities for laboratory and field
optical and thermal measurements

* Milestones all met on time and within budget

* Results are of immediate benefit to industry:
Improved mirror design, overall optical design,
total field, and receivers; hydrogen mitigation
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Bringing you & prosperous future where energy is clean, abundant, refiable, and aflordable

E. Lupfert; K.J. Riffelmann; H. Price; F. Burkholder; T. Moss.
“Experimental Analysis of Overall Thermal Properties of Parabolic Trough
Receivers”, ASME Journal, 2007

 F. Burkholder; M. Brandemuehl; C. Kutscher; E. Wolfrum. “Heat
Conduction of Inert Gas-Hydrogen Mixtures in Parabolic Trough
Receivers,” presented at the ASME International Conference on Energy
Sustainability, Jacksonville, Florida, August 2008

« G. Jorgensen; F. Burkholder; A. Gray; T. Wendelin. “FY 2008 CSP
Milestone Report: Assess the Efficacy of an Aerial Distant Observer Tool
Capable of Rapid Analysis of Large Sections of Collector Fields.”

« C. Kennedy. “Progress to Develop an Advanced Solar-Selective Coating”
presented at 2008 SolarPaces Symposium in Las Vegas, Nevada, on
March 2008. Selected for publication in ASME-Journal of Solar Energy
Engineering (JSEE).

« G. Glatzmaier and D. DeVoto. "FY 2008 CSP Milestone Report: Modeling
Hydrogen Occurrence in Parabolic Trough Power Plants," October 2008.
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R o ey of Research

* Optical mirror measurements of immediate benefit to Abengoa,
SkyFuel, Reflectech, GlassTech, Saint-Gobain Flat Glass, Ashai
Flat Glass, RioGlass Solar, Guardian, etc.

* Transfer of VSHOT to industry

« Overall collector measurements of immediate benefit to SkyFuel,
others

* Improved SolTrace processing and input will enable industry to
evaluate designs more efficiently and lower cost

» Field IR measurements of receivers led to FPL Energy replacing
millions of dollars of receiver tubes

« Working with industry to develop new absorber coating

« Hydrogen mitigation technique will provide benefit to all trough
installations using oil heat transfer fluid
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Bringing you & prosperous future where energy is clean, abundant, refiable, and aflordable

* Continue to improve VSHOT and explore other
techniques

« Continue to test latest receivers (e.g., new
8-cm Schott receiver)

« Support deployment of advanced receiver
coating

« Enhance SolTrace optical modeling tool

« Evaluate inert gas and field mitigation of
hydrogen infiltration

« Develop Distant Observer technique to quickly
survey large field during and after installation
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