This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.
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Sandia’s History
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Key Sandia Figures i

= Total Sandia workforce: 12,611
= Regular employees: 10,643

= Advanced degrees: 5,898 (55%)

Data as of

. C -Related
Pecember 14, 2015 Total Laboratory Expenditures a":":',f;e;fr? iz

$2,813,070,000 $982,762,000
(in FY2015)

Procurement
Card Purchases

$77.846,000

Corporate Taxes

§74,148,000

Labor and Non-contract

Related Payments

$1,678,314,000
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Sandia Sites

Albuquerque, New Mexico

Pantex Plant,
Amarillo, Texas

Tonopah
Nevada

Waste Isolation Pilot Plant,
Carlsbad, New Mexico
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Sandia Addresses National M
Security Challenges

1950s 1960s 1970s 1980s 1990s 2000s 2010s

Nuclear weapons Development Multiprogram Missile defense Post-Cold War START LEPs
engineering laboratory work transition Post 9/11 Cyber, biosecurity
proliferation

Production and
manufacturing I

Evolving national
National security security challenges

Stockpile

Vietnam conflict | Energy crisis Cold War stewardship
F E ™ o ——

engineering
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Sandia National Laboratories (M)
Program Management Units (PMUs)

Defense Systems &
Assessments

<

International, Homeland, & Nucear Weapons
Nuclear Security

Do not share outside Sandia 7




@

a nuclear
weapons engineering laboratory
with deep science and
engineering competencies

Vertical axis
wind turbine

NRC cask
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national security
challenges

History of Sandia Energy Programs -~
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Energy crisis

of the 1970s

spawned the beginning of
significant energy work

opens

Strategic Petroleum
Reserve — geological
characterization of
salt domes to host oil
storage caverns

DOE’s Tech
Transfer
Initiative was
established by
Congressin

1991

researchers ]
Power grid

reliability
study

\

SunCatcher™
partnership with
Stirling Energy
Systems

‘ . Distributed Energy Technology

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

%.2  CENTER oF
EXCELLENCE

Advent Solar

Energy Policy
Act of 2005

‘Combustion Research

Facility (CRF) &

Cummins partneron
their newest diesel

engine

Joint BioEnergy

é

B

Sunshine to
Petrol Pilot Test

Large-scale pool fire
tests of liquefied
natural gas (LNG) on

water

I nstitut?

Water Power Program

o

Consortium for Advanced
Simulation of Light Water
Reactors {CASL)

1
Climate stu %
uncertainties

economies

Combustion Research
Computation and Visualization
(CRCV) opens
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PV capacity is growing fast!
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= ~30 GW installed today
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Huge potential for further growth!

= US lags other countries in terms of installed capacity, but the

future potential is much greater

= How much of this potential can be tapped while maintaining high grid

reliability and performance?
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What is a PV? ()
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How does it work? M

Solar Panel Converts
Sunlight to DC Current

\ N\ Extra Electricity
. A Credited on grid

Take electricity your
home requires

L

Inverter converts electricity
DC to AC

g

ﬁia
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PV System Size =

Commercial
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PV Research at Sandia ()

Power Electronics

PV System Grid Integration

Reliability and Safety

Testing, Modeling, Simulation

Standards for Performance and Safety

Soft Costs (Financing, Permitting, Installation)

Do not share outside Sandia




PV Performance Modeling Steps

1. Irradiance and Weather - Available sunlight,
temperature, and wind speed all affect PV
performance. Data sources include typical years
(TMY), satellite and ground measurements.

2. Incidence Irradiance - Translation of irradiance to
the plane of array. Includes effects of orientation and 10. System
tracking, beam and diffuse irradiance, and ground Performance Over Time - ).
surface reflections. Monitoring of plant :
output can help to \
identify system N

. ) J blems (e.q., |
3. Shading and //_\ : ‘. pro . B
Soiling - \ / failures, degradation). )

| Accountsfor \ o .

reductionsin
~ " 9. ACLosses - For large plants, there >

the light .

g may be significant losses between the
s AC side of the inverter and the point of
the PV cell AC side of the inverter and the point o

interconnection (e.g., transformer).
material.

8. DCto ACConversion -

;
“ x| The conversion
5 ‘ efficiency of the
inverter can vary
o
with power level
and environmental
conditions.
4, Cell Temperature - Cell temperature
is influenced by module materials, array )
mounting, incident irradiance, ambient 7. DCto _Dc Max POWC_' Point Tracking -
air temperature, and wind speed and A portion of the available DC power
direction. i from the array is lost due to inexact
tracking of the maximum power point.
I
5. Module Output - Module output is 6. DC and Mismatch Losses - DC string and array

described by the IV curve, which varies IV curves are affected by wiring losses and mismatch
as a function of irradiance, temperature, A between series connected modules and
and cell material. v parallel strings.
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Power Electronics (PV Inverters) ()
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PV Inverters
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Systems Integration
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Soft Costs and Balance of Systems
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PV Cells and Materials R&D .
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DOE Solar Energy Technology Office m
SunShot Initiative

SunShot 2020 Goals

* PV costis Competitive with As Industry Scales, Prices Fall

conventional electricity cost % o - o
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solar than today 3 sa00 . ki ]
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Distributed Energy Technologies Laboratory
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PV Systems Evaluation Laboratory
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Regional Test Centers (RTCs) ()

U.S. DEPARTMENT OF

9 ENERGY
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Questions?

Comments?




