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Where Is New Mexico? rhh) s

= 5t |argest state in the US / Z\

= Population: 2.1 million

= New Mexico is known for/lts
beautiful landscape, rich
culture, high tech industry,
plentiful wind and solar NM, USA
resources |



http://www.newmexico.org/
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= Sandia National Laboratories and Energy
= Smart Grid Drivers

= Renewable generation
= Grid modernization

= Examples of Smart Grid Activities at Sandia
= Optimal and Secure Virtual Power Plant
= Grid Resilience and Security
= Microgrids for Critical Infrastructure Resilience
= Optimization of grid operations under high uncertainty

= Wide-area controls using

= Q&A (time permitting)




Sandia National Laboratories () i

e
= Large. multi-program research and engineering laboratory NA‘ tfa'

National Nuclear Security Adm.'msrratmn

= Focusing on National Security, including energy . AR  BR
= Headquartered in Albuquerque, NM WENERGY
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Sandia was born as a nuclear
weapons engineering laboratory
with deep science and engineering
competencies

Vertical axis
wind turbine

NRC cask
certification
studies &
core melt
studies

Our core NW
competencies

enabled us to take

on additional large
national security
challenges

e

Energy crisis of the 1970s %

“%©€ €
AT

spawned the beginning of
significant energy work

Solar Tower

opens

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

storage caverns Transfer

1991

opens to
researchers

SunCatcher™
partnership with
Stirling Energy
Systems

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

DOE’s Tech

Initiative was
established by
Congress in

Power grid
reliability
study

METAL
HYDRIDE
CENTER oF
EXCELLENCE

Advent Solar

Energy Policy
Act of 2005

o

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

Sandia
National
Laboratories

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

3y

/

Joint BioEnergy

Instltute*

Consortium for Advanced
Simulation of Light Water
Reactors (CASL)

Petrol Pilot Test

Climate study
uncertainties to
economies

Combustion Research Computation
and Visualization (CRCV) opens

Water Power Program



Sandia

Sandia National Laboratories rih) e

" On-site workforce: ~11,700 R&D staff (~4,800) by discipline
= Regular employees: ~9,500

= Total Budget: ~$2.5 billion
Data as of end of 2013

Mathematics

/2%




Scope of Smart Grid is Enormous! ) i,

= A wide range of domains and technologies
= Complex policy and regulatory landscape

= Multiple drivers

< Enhanced Performance & Diagnostics >,
Powe;r Plant Transmission/Substation Intelligence Distribution Intelligence Workforce
E Phasor Measurement Units * Microprocessor Based Protection * Automated Feeder Switches « Capacitor Controllers « Education

Digital Disturbance Recorders + Intelligent Electronic Devices Fault Indicators * Throw-over Switch & Network Protector Monitors Curriculum

Source: DOE Smart Grid Rep ort to Cong ress Home Energy <MYV Smart Grid Integration Customer

2014, Courtesy of Florida Power & Light Company Controllers Meter of Distributed Education
Generation




Renewable Energy Deployment

Annual Capacity Cumulative Capacity
(2013, MW) (end of 2013, MW)

China
Germany
India

United Kingdom
Canada
United States
Brazil

Poland
Sweden
Romania
Rest of World

TOTAL 36,137

US installed Wind and PV capacity are growing fast
= PV:12.1 GW, Wind at 61.1 GW (2013 figures)

= Technical potential and growth rate are very high
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R‘ United States - Land-Based and Offshore Annual Average Wind Speed at 80 m
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O u t I i n e m IluaaEE?E?Aries

= Examples of Smart Grid Activities at Sandia
= Virtual Power Plants 2.0
= Optimization of grid operations under high uncertainty
= Wide-area controls using

= Microgrids for Critical Infrastructure Resilience




Smart Grid Demonstration in Alb., NM .

Concept Demonstration (2013-2014)
e Customer Microgrid (Mesa del Sol project)
» Utility-operated PV/Storage (Prosperity project)
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Optimal and Secure Virtual Power Plant

f

Markets

TSO Balancing
Authority

Transmission Energy
Market via ISO/RTO/

Distribution Energy
Market

~N

Backend High
Performance
Computing

Web-based
Meteorological
Information

Database of recent

threats/
vulnerabilities

\_ o0 o0 )
bid A commitments i
ids Virtual Power Plant
( commitments DER status, information on additional DER connections \
% I + advanced DER commands
Market Forecasting Secun Communication System
. (Solar, Wind, Real-Time Optimization (Advanced Grid Function Dispatch and
Engine Englne
Load) Monitoring)
Removal of DER from VPP due to cyber compromise, Communlcatlon IEC 61850-90-7 T IEC 61850-90-7
\_ natural disasters, communication failures, etc. LossesIFallures Yy,
Payment for IEC 61850-90-7 over SEP 2.0 * y
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Communications and Interoperability @

3. Utility broadcasts S0yt =
signals/commands to v o
DER systems. @; q
o e at
i Utility o Sy ¥ X f i
. Ii Operations ' *x
Transmission 2t Center Transmissioniy, ¥
Substation 4 Substgtion 43 1. Utility directly

controls large
DER systems.

Distribution
Substation

windfarm

2. Utility sends
commands via

an EMS or
aggregator.
Distribution
Substation EMS or
Aggregator

= Traditional Communication Paths
= Smart Grid Communication Network

12

Diagram Credit: Forbes India

@ = Inverter



Sandia

Grid Resilience Metrics & Optimal Contr&¥ .

Objective: Minimize expected cost

* Full-scale mixed integer stochastic optimization

* Algorithms for full-scale implementation in a production R
environment 335:-23':?:“3?3'.?: 2
* Applications to planning and operations under high [SEERSETE I
uncertainty (e.g., variable generation, policy goals, etc.) L .
P4 P, Pn
Network Circuit Simulation Uncertainty

Quantification

(Spice, EGSim)

Scenario 1 Scenario 2 Scenario N

Stochastic
_ Optimization

Deterministic UC _ Stochastic UC

SME-denved

4,.,rT_:1:mﬁ*""'*“"“-tH




Smart Grid Technology Development ) e,

Laboratories

Smart Grid Ready PV
Power Electronics

Transmission System  Distribution System

5
Demand management il
Transmission dieferral o

Grid Smart
Shared Inverter.



Wide Area Controls for System Stability ) .

= Uses PMUs and energy storage to improve damping of US Western
Interconnection East-West oscillatory mode

= Sandia developed supervisory control and
hardware prototype for on-line testing

—
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PMU Deployment in the US

PMUs (2009)

By Networked Phasor Measurement Units B
- in North American Power Grid ) ‘

[ Existing PMU locations
[ PMU installations in progress
“Doas not include stand-glone vails

PMUs (2014)

Phasor Measurement Units in
North American Power Grid

Sandia
National
Laboratories




Microgrids and Energy Resilience R&D W&

* Military and Civilian
microgrid applications

* Conceptual design and
full-scale demonstrations
based on “Energy Surety”
Concept

Performance . ..
Characteristic Ll

Safety | Safe supplies of energy to end user

Security Protection of energy supply infrastructure

Reliability Can provide energy when and where needed
Distribution of Consequence

e s Can be maintained for long durations with
ustainabllity | minimal impact on resources

==Base System===Improved System

Cost Effective | Provided at affordable cost

Extreme Values:
Base System
Improved System

Ability to prepare for and adapt to changing
conditions and withstand and recover rapidly
from disruptions

Resiliency

Probability of Consequence

: (::E Consequence

H
Mean Mean




Microgrids and Energy Resilience R&D (M.

Controlled Infrastructure
Controlled Load

Controlled Supply
Transmission 7 ‘W

National Secure
Energy Grid
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Microgrids and Energy Resilience R&D

i
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Thank You

Abraham Ellis

aellis@sandia.gov
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