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Sandia’s Origins — Nuclear Weapons @ .-

THE WHITE HOWSE
WA PG TON

My 18, 1848

Doar Er. Wilson:

I s inforwed that the Atemic Energy Commission interds
o ask that tho Ball Telephone Laboratoriss accspt under contract
the direction of the Sandia Laboratory st Albuquerque, Bew Mexico.

This epmration, whdch is a vital segmest of the atomic
WaApSER progris, 1s of extress isportance and urgensy in the na=
tional defense, and should have the best possible technical direc—
tdon.

I hope that after you have heard more in detall from the
Atomic Energy Coomission, your organization will find it possible
to undertake this task. In ny opindem you hawe here dn oppartunity
to render an exceptional service in toe naslonal inberest.

I am writing & similar note direct to Dr. O. E. Bockley.

Vory sincerely yours,

E:E;Ei:;a:::m:rﬂ Tele h C National A
emriom Dlaiens aut Telegraph Compury, Laboratories

Hew York 7, H. ¥,




Sandia - One of 40 FFRDCs in the U.S.W&-

Federally Funded Research and
Development Centers (FFRDCs) are
chartered to:

* Meet a special long-term research or
development need which cannot be
met as effectively by federal or regular
contract employees

* Access government information
beyond which is common to the
normal contractual relationship

* Provide objectivity and independence

* Not compete with the private sector

Sandia National Laboratories:

One of 25 R&D FFRDCs

One of 17 DOE National
Laboratories

One of three National Security
Labs managed by DOE/NNSA
Primary locations — Albuquerque,

NM & Livermore, CA
3




Sandia’s Mission — National Security @ -

= Core Purpose: to help our
nation secure a peaceful and
free world through

technol O8Y Global Secure & Leveraged
. . e Sustainable Defense
u Sa N d Ia S MISSION areas & Biological Energy Future | Innovations

Dangers

e Develop and evolve in response

to world conditions Global Nuclear Synergistic
Nuclear Assessment Defense
Dangers &Warning Products
e Represent the most complex

issues that require
interdisciplinary ST&E to
address

e Qutside of nuclear weapons,
Sandia’s oldest mission area is LABS FOUNDATION

energy (since 1970s) 4




Sandia’s Energy Mission ) .

/4

“We must ensure a secure and sustainable energy future...”

= U.S. prosperity is tightly coupled to the
worldwide security and sustainability of
energy.

= Shifting geopolitical dynamics of energy
supply and demand create new
challenges.

= The stability of the U.S. energy
infrastructure and supply, and longer
term pressures such as the depletion of
fossil fuels, compounded by carbon
emission concerns, constitute a
complex national challenge.




Sandia’s Energy Program Hi ) .

Wind

* Novel vertical axis design
* Blade manufacturing

e Scaled wind farm
Photovoltaics

* PV System Evaluation Lab
* Advanced PV Controls & Reliability
* Microsystems Enabled PV

Transportation

* Combustion Research Facility EER?IEDREOF
 Hydrogen storage EXCELLENCE

e Bio fuels

Nuclear

* Technical basis for NRC
* Waste disposal

e S-CO, Brayton Cycle




Sandia - Concentrated Solar Power — @i

Solar Power Towers

* National Solar Thermal Test Facility
* Working Fluid RDT&E: molten salt,
solid particles

Solar Dish/Engine Technologies

e SunCatcher partnership with
Stirling Energy Systems

e Sunshine-to-Petrol

Solar Parabolic Troughs

e Alignment techniques
* Working fluids

Innovation through Test




My Personal History - Solar Towers @

* QOil shortage in 1970s
led to DOE interest in
renewable technologies

* Sandia established solar
program and NSTTF
built at Sandia in 1979

e Solar One Pilot Plant in
Daggett, CA complete
in 1981 operated from
1982-1986 as a

partngrshlp between So PveBeenith QOZA
Cal Edison and ”£/

DOE/Sandia Labs
Barstow, California

MCDONNELL DOUGI.AS




My Personal History - Solar Towers @&

INNOVATOR:
Thomas Brumleve

1997 Discover Award:
Southern California
Edison et al.’s Solar
Two Power Plant

* | was hired at Sandia in 1983
as a mechanical engineer
* Assigned to solar tower effort
* Liquid sodium and molten
salts were being evaluated ';
as alternative working '

fluids to water/steam “It took nearly 25 years for Thomas
e Cost goal for solar tower Brumleve to see his invention come to life.

In June 1996, in California’s Mojave
was $.05/kWh ($.14 today) Desert, the Solar Two power plant began
* Interestin high temperature ?en1d(i)ngo100hmegawatts 0; pOVr\:el’--Ggwll;gh
: or 10, omes-- into Southern California

concepts to |mprove.thermal- Edison’s electric grid. And Brumleve, who
to-electrical conversion and took early retirement from Sandia National
for chemical processing Laboratories in Livermore, California, in
1984, was invited to the dedication as an
honored guest.” o




My Personal History - Solar Towers

Sandia
National
Laboratories

TECHNOLOGY /
CONCEPTS ,,"

ADVANCED ~ /

=

SOLID PARTICLE RECEIVER

-=-o Hot Air IPH
® Brayton Electric

LOW—PRESSURE HOT AR
(CERAMIC) RECEIVER

HIGH—PRESSURE HOT AIR
(CERAMIC) RECEIVER

-~-o Fyels & Chemicals

e Hot Air IPH

® Brayton Electric
¢ Hot Air IPH

¢ High Temp Electrolysis
CARBONATE SALT RECEIVER| e Topping Cycles
® |iquid Metal MHD

HOT AR (METAL) RECEIVER

7 NITRATE SALT RECEIVER

o Brayton Electric
® Hot Air IPH

e Rankine Electric

STATE OF /
THE ART /

® Ajr IPH

CURRENT / L o Steam IPH

SODIUM RECEIVER

7

/ WATER/STEAM RECEIVER ® Rankine Electric

e Steam IPH

7 OIL RECEIVER

e Steam IPH
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| I l I | | |
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My Personal History - Solar Towers @

United, Ftaten
Eﬂf wardment @Zé &Lu?/%

THE DOE PURPLE HEART AWARD FOR COURAGEOUS SERVICE
IN THE HEAT OF BATTLE
is presented to

ey

Tech, Bucknell University, King Saud
University, and DLR (the Institute of Solar
Research of the German Aerospace Center),
was awarded funding to develop a
concentrating solar power falling-particle
receiver and heat-exchanger system under
the DOE SunShot Initiative. 11

for being a brave and worthy opponent and a good loser with regard to the
Solid Particle Receiver and
High Temperature Technology in general.

e e




The CSP Renaissance h) b,

Ice-core data before 1958, Mauna Loa data after 1958.

= The motivation for CSP has

400

grown

¢ [nterest to diversify energy sources
remains for geopolitical reasons

3501

e End-of-oil is considered possible, if
not likely

CO, Concentration (ppm)

e (Clean energy production is needed

PSS T S S T S TR S [N TR SN TN TN TN S SO T NN T SO S
250 1750 1800 1850 1800 1950

due to rising CO, concentrations

e Clean, renewable energy is an
international concern

Concentrated Solar Power (MWp)
Year 1984 1985 1989 1990 ... 2006 2007 2008 2009 2010 | 2011 2012

Installed (14 |60 |200 BO O 1 74 |55 |178.50 306.50|628.5 |BO2.5
Cumulative 14 |74 |274 354 354 355 429 48B4 662.5 969 |[1597.5 2553

L L
2000




CSP Has Come a Long Way

Solar One
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But more is needed - SunShot Goals ™ &:=.
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$0.10

Solar
Field

Power Receiver/Heat
Block Transfer

Thermal
Storage

Cost Reductions

Sandia
National

6¢/KWh

$0.02
$0 02

SunShot
Target (2020)




Technology Innovations Required at

Sandia
ﬂ" National

Laboratories

both the Component and System Level

High Temperature Receivers 600 to 700 C..

Supercritical Steam Cycles (+13%* efficiency)

Supercritical CO2/Advanced Cycles (+13%*..
High Temperature Hardware (+4%* plant..

Heliostat Drive Improvement (-10% $/m2)

Heliostat Manufacturing Improvements (-10%..

Heliostat Structure Optimization (-10% $/m2)

Anti-Soiling/Cleanliness of Mirrors (+2.5%"..

High Temperature Storage (-15% $/kWht)
Single Tank Thermocline Storage (-15% $/kWht)
Parasitic Load Reduction (-25% MWhe)

O&M Cost Reduction Measures (-23% $/kW-yr)

Receiver Materials Testing & Database (-10%..

Selective Absorbers (-50% emissivity)
Optical Efficiency Improvements (-20% mrad)
Flux Measurements (-20% mrad optical error)

SANDIA REPORT
SAND2011-2419

Unlimited Release

Printed April 2011

Power Tower Technology Roadmap and
Cost Reduction Plan

Gregory J. Kolb, Clifford K. Ho, Thomas R. Mancini, and Jesse A. Gary

0

1 1.5 2 25

Reduction in Levelized Cost of Enerax ‘centslkth



Closing Comments

= CSPisin arenaissance as a technology and industry
e Need is clear and is not likely to go away

¢ |nternational interest is high
e (lear goals have been established — but are very challenging

e Jt’s up to you!

" |nnovationis needed in near- and long-term
e “Known” technologies must be advanced and piloted

¢ New innovative ideas will pave the way for future development - ideas
invented today could take 25-30 years to get to “market”

= The DOE SunShot Initiative requires broad engagement

e Governments, component and plant manufacturers, A&Es,
finance/investment firms, and R&D institutions need to define/refine the

roadmap to ensure SunShot is successful in the remaining 6 years 16




Back up ) i,




Where are we today? ) .

= Collectors
e Silvered glass is still the standard; az/el drives
v Reflective polymeric films; autonomous controls
= Receivers
e Pyromark 2500 paint on tubular receivers is still the standard
v Durable selective absorber coatings, falling particle receivers
= Heat Transfer Fluid
¢ Molten salts (<600 C) are being used (Gemasolar, Tonopah)
v Advanced high-temperature molten salts, solid particles
= Thermal Storage
e Two-tank sensible liquid storage is still the standard
v Thermochemical, phase-change, solid particles
= Power cycles

e Rankine cycle is still the standard (~40% efficiency)
v Supercritical CO, closed-loop Brayton cycle (>50% efficiency)

What is still needed to accelerate adoption?




