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Sandia was born as a nuclear
weapons engineering laboratory
with deep science and
engineering competencies
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on additional large
national security
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History of Sandia Energy Programs

Energy crisis of the 1970s
spawned the beginning of
significant energy work
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Strategic Petroleum
Reserve — geological
characterization of
salt domes to host oil
storage caverns 1991

. DOE’s Tech
Transfer
Initiative was
established by
Congress in
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Large-scale pool fire
tests of liquefied
natural gas (LNG) on
water

partnership with
Stirling Energy
Systems

Distributed Energy Technology
Laboratory (DETL) to integrate
emerging energy technologies
into new and existing
electricity infrastructures

‘Combustion Research
Facility (CRF) &
Cummins partner on
their newest diesel

Joint BioEnergy
Institute

Consortium for Advanced
Simulation of Light Water
Reactors (CASL)

Climate study
uncertainties to
economies

Combustion Research
Computation and Visualization
(CRCV) opens



FY11 EERE Investments in Sandia @&

$0 Geothermal
$3,300,000

Building Technologies &
$1,003,292

Total of $67M

Note: Office of Science investments in JBElI and CRF not shown here.




Sandia

¥ Photovoltaics & Distributed Systems ®&=.

UNIQUE CAPABILITIES

* Comprehensive systems characterization and optimization

o components -> grid interconnect

o predictive models -> field reliability
* New power electronics to enable “smart grid” enhancements
* Distributed Energy Technologies Laboratory (DETL)

KEY INDUSTRY PROJECTS

* Managing two PV “Regional Test Centers” — ABQ and Florida
* PV Modeling Collaborative

* Chair working groups for new utility-scale PV models/interconnects
* Supporting PV Manufacturing Initiative
* CRADAs with EPRI, SunPower, NVEnergy

CURRENT WORK

* Advanced tools for large-scale grid integration

o PV, storage, and controls
o Solar Energy Grid Integration Systems (SEGIS) — new inverters
for enhanced capabilities (2011 R&D100 Award)
* PV Systems Reliability — new manufacturing capabilities for a US
industry
* PV for DOD sites: outreach and technical analysis pv.san di a.gov
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UNIQUE CAPABILITIES

KEY INDUSTRY PROJECTS

CURRENT WORK

Sandia
National
Laboratories

Only major power tower test facility (heliostat field and solar
tower - 6 MWt) available for customer testing in western
hemisphere

Solar furnace, high-flow-rate molten salt test loop, rotating
platform (trough) and top quality experts in CSP

Molten salt power towers with Gemasolar in Spain, Solar Reserve
in Nevada).

Dish engine technology with Infinia

Nitrate salt thermal storage in parabolic troughs

Perform testing for Abengoa, Solar Reserve, NASA,
Nooter/Eriksen, 3M, BP, eSolar

Extending temperature range of CSP (>600C) to meet SunShot
Goals of 6¢/kWh

Developing key systems to reduce cost of CSP including
heliostats, power block (advanced thermodynamic cycles), heat
transfer fluid, storage materials, receiver

sp.sandia.g s




£ Wind Program




é Water Energy Program

OWC Dynamic Analysis
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Sandia Lake Facility
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Biomass Program - WER.

UNIQUE CAPABILITIES

* SNL specializes in advanced multi-spectral imaging for the analysis
of plant cell walls in dynamic environments

* SNL has unique capabilities at the Combustion Research Facility for
the analysis of advanced biofuel combustion

KEY PARTNERSHIPS

* LBNL - advanced biofuels through synthetic biology

* GE - lifecycle analysis and testing of advanced biofuels

* Lockheed Martin —thermochemical conversion of biomass
* Novozymes — enzyme production

* Arizona State University — algal biofuels

* Montana State University — endophytic fungi

CURRENT WORK

* DOE Joint BioEnergy Institute

* Advanced biomass pretreatments based on ionic liquids

* Development of enzyme mixtures that are stable at high
temperatures

* Co-evolution of advanced biofuels and engines

e Algal biofuels
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Hydrogen Program ~r

UNIQUE CAPABILITIES

* 50 years of experience in H2 S&T

* SNL has unique facilities for
understanding H2 effects in materials,
components, and systems

* Risk-informed framework for the
development of science-based safety
requirements and standards

KEY PARTNERSHIPS

* University of Colorado - STCH CURRENT WORK

* I°CNER - hydrogen effects in materials * Solar Thermal Hydrogen Production (STCH)

e AIST - Tank standards harmonization «  Storage tank behavior research

* SAE, CSA, ASME, ISO — Standards level « H2 effects in components and pipelines

* H2CAN - H2 Safety research s Risk assessments of hydrogen installations

* Lincoln composites — Tank research « Geologic storage assessments

* Swagelok — H2 compatible materials + Development/validation of advanced infrastructure
* NREL - Data collection for risk analysis and storage technologies

* Market Transformation

11
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> Building Technologies Program ) B
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National Solar Thermal Test Facility (NSTTF) o

UNIQUE CAPABILITIES

The NSTTF is the only central receiver test facility in the U.S. with over 700 man-years of staff experience
to support CSP R&D including the solar furnace, molten salt test loop, and rotating platform.

NATIONAL VALUE

NSTTF is the only facility in the
U.S. that:

* Provides large scale, high
flux material testing

e Tests large scale molten salt
components (pumps, valves,
etc.)

* Provides a target for long
range heliostat beam
evaluation

* Tests Solar Central Receivers

Also, one of 3 facilities in the
U.S. that has been selected as a
PV Regional Test Facility.

RESEARCH IMPACT

* NASA — Ablator testing, Shuttle Tile
testing, Hypersonic vehicle
material testing

* Solar Reserve — Heliostat !
evaluation 1
"
1
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* Areva Solar — Compact Linear
Fresnel Reflector Technology
utilizing molten salt (under
negotiation)

* PWR - Solar Receiver Tube/Shroud \
testing (under negotiation)

* Sierra Nevada Corporation — Solar
Air Receiver

* Nooter Eriksen — Solar Receiver
Shroud Test

* Aerojet — Material sample testing

* Boeing — Material testing

* Infinia — Evaluating Dishes and
Stirling Engines

* SunPower — Concentrating PV

* Department of Energy (DOE)




Sandia

Labaratories

Photovoltaic Systems Evaluation Laboratory (PSEL) e

UNIQUE CAPABILITIES

PSEL is a multi-user, multi-sponsor facility that conducts research in PV cells, modules, and arrays and
performs detailed, comprehensive analysis in PV systems design, optimization, and characterization in

real-world scenarios.

NATIONAL VALUE

*  DOE User Facility for cell-to-
system measurements of
new PV technologies

* Develop predictive
performance models

* Working with industry to
better address
reliability/lifetime
concerns

* New, standard
characterization methods
reduce risk and improve
bankability of PV projects

e Partnerships span the U.S.
PV industry

RESEARCH IMPACT

Cell/Module * Semprius

Companies e Sharp

* Abound * Sierra Solar

* Amonix (RIP) e Skyline

* Applied * Solaria
Materials * SolFocus

* BP Solar (RIP) ¢ Soliant

* Concentrix (now * SoloPower
part of Soitec) * SunPower

* Dow Solar * Unisolar

* Emcore

* enXco Government/

* First Solar National Labs

* Gratings Solar <+ DOE

* Greenray * GSA

* Greenvolts * NREL

* Miasole * SNL (MEPYV,

* NanoSolar etc)

Prism Solar

Private Labs
* CFV

* Fraunhofer - CSE
 TUV/PTL
Integrators/Project
Developers

* enXco

* Recurrent Energy

Universities
* FSEC

* NMSU

e UVM
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Distributed Energy Technologies Laboratory (DETL)

UNIQUE CAPABILITIES

DETL conducts research with industry and academic partners to integrate emerging energy technologies
into new and existing electricity infrastructures.

NATIONAL VALUE RESEARCH IMPACT

*  DOE User Facility for new

smart grid technologies in * Electric Power * Fronius

. Research * Xantrex
an integrated, fully . :
functioni ; ; Institute (Schneider)
unctioning environmen (EPRI) . Aurora

® NeW ph0t0V0|taIC ° Department Of
inverters and energy Defense
management systems * PNM (NM
* Integrated storage and utility)
new controls * GreenSmith
d-sid * GreenRay
Demand-side « Enphase
management and  Petra AMPT
utility interactions « Princeton
*  Provides lab evaluations * AE
prior to field installations (PVPowered)
* StatCon

* SMA




Scaled WInd Farm
Technology Center (SWIFT)

UNIQUE CAPABILITIES

* 1stfacility in the world to

specifically study wind farm
wakes and their interaction with
wind turbines

Highest category wind class,
with average winds of 17 mph
(7.5 m/s) directly from the South

Scaled research turbines (Vestas
model V27) allow for rapid
technology development at
~1/20% the experimental cost

NATIONAL VALUE

* Reduce performance losses
and maintenance costs from
turbine-turbine interaction

* Develop advanced wind
turbine rotors for increased
energy capture and improved
reliability

* Turbine models and data are
being developed as a public
open-source research asset to
aid the entire wind energy
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RESEARCH IMPACTS

* Vestas Research and

Development, the world’s
largest wind turbine
manufacturer, is installing its
own V27 turbine to perform
both cooperative and
proprietary research.

Texas Tech University has
partnered to develop the
test facility, which will be
used to foster academic
research and wind energy
education.

Currently finalizing NDA’s to
perform research testing at
the facility for General
Electric Wind Energy,
Gamesa Wind, and Alstom
Wind.




Lake Test Facility
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Combustion Research Facility

An Office of Science Collaborative Research Facility dedicated
to energy science and technology for the 215 century

Essentially every modern vehicle on the road today is cleaner and more
efficient due to CRF collaborative work.

ONGOING WORK

® Target combustion strategies:

® Low temperature, clean
combustion (e.g., homogenous
charge compression ignition)

® Advanced lean-burn gasoline
engines

® Advanced diesel combustion
(e.g., high exhaust gas
recirculation)

® Alternative fuels (biofuels,
natural gas, etc.)

- Next-gen diagnostics and
o computational tools

‘\f' The most direct
path to reduced
dependence on

foreign oil is
increased vehicle
efficiency and use
of alternative fuels DETRGT DiEsE @
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Battery Abuse Testing Lab (BatLab)

RESEARCH IMPACT

PRODUCTS
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Geothermal Research Lab

Hard-rock drilling facility to
support testing of rock cutting
materials, bits and downhole
tools with active control through
a drilling dynamics simulator.
Dynamometer test stand for
evaluation of drilling tool power
Instrumented test rigs for down-
the-hole-hammer evaluation
Component fabrication facilities
and test equipment for
development of high-
temperature electronics,
electromechanical and optical
fiber based equipment.
Environmental test systems
(ovens, furnaces, pressure
vessels, shakers) for component
evaluation and testing of high-
temperature systems and
components




Laboratories

LABORATORY DIRECTED RESEARCH & DEVELOPMENT

LDRD INVESTMENTS




Highly Leveraged Investments ) .

= “Grand Challenge” and leading LDRDs

= Solar fuels - S14M (five years), completed in FY11
= Renewables grid integration - S11M (three years), completing in FY13
= Microsystems enabled PV - S10M (three years), completing in FY15

= Office of Science
= Center for Integrated Nanoscience Technology - $11M in FY11
= http://cint.lanl.gov/
= Joint Bioenergy Institute - S5M in FY11
= http://www.jbei.org/
= Combustion Research Center - SI0M in FY11
= http://crf.sandia.gov/

= DOE OE Energy Storage and Transmission

= Research, Development and Deployment Analytics
24



http://crf.sandia.gov/

Enabling Secure Scalable Microgrids @i,
with High Penetratlon Renewables

Grand Challenge Laboratory Directed
Research and Development

LABORATORY DIRECTED RESEARCH & DEVELOPMENT

Construction of the SSM test bed




Sunshine to Petrol (S2P) ) .

Producing Drop-In Fuels

UNIQUE CAPABILITIES

KEY PARTNERSHIPS

CURRENT WORK Procesdng

q@\

LABORATORY DIRECTED RESEARCH & DEVELOPMENT

Sandia is uniquely capable in concentrating solar, materials development,
systems engineering, and computing to develop reactors, high-
temperature metal oxide chemistry, and balance of systems efficiencies,
cost, and cost-driver analysis. v

co,

Sandia’s internal Grand Challenge investment
(S14M/5 years)
BP, Solar Fuels Alliance

€O Collected for

A concentrating solar-driven thermochemical heat engine to convert CO,
and H,O to SynGas — a flexible and established precursor to gasoline, jet

fuel, diesel, and chemical components.

With biofuels, S2P balances the national research portfolio in alternative
transportation fuels.

Sunlight + CO, + H,0 - Fuel + O,




Solar Glitter

A Microsystem-Enabled PV Concept
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Thin PV Cells
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Sandia
National
Laboratories

LABORATORY DIRECTED RESEARCH & DEVELOPMENT

Flexible
PV Modules




