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Overview

* Microgrid deployments continue, but challenges remain.
* Two case studies:

1. Single microgrid:

* Islanding under low-inertia conditions.
2. Networked microgrids:

e System restoration impacts.

* Focus on the role of laboratory evaluation.
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Energy Systems Integration

Facility

* The Energy Systems Integration Facility (ESIF) is a
national user facility located in Golden, Colorado, on
the campus of the National Renewable Energy
Laboratory (NREL) (http://www.nrel.gov/esif).

* Megawatt-scale controller- and power-hardware-
in-the-loop (CHIL/PHIL) capability

* Allows testing of energy technologies at full power
in real-time grid simulations to safely evaluate
performance.
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Borrego Springs Microgrid Assets

Existing:
e ~14-MW native load
26-MW photovoltaics
(PV)
4.5-MW rooftop PV
6.5-MW concentrating
PV (CPV)
1.5-MW/3-h battery
. energy storage system
Diesel (BESS) {future expansion
generators to X MWh)
e  250-kW ultracapacitor
Control room * 3.6-MW diesel gensets.
Adding:
* Additional non-

: 1 conventional resources
1000-kW, 3000-kWh battery - && 500-kW, 1500-kWh battery

¢_.
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Borrego Outage September 6—7

e At 14:20, a single transmission line to Borrego tripped out.
* Nine transmission and 11 distribution poles were reported down.
e 1,056 customers had power restored during the outage.
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Real-World Experience (Island 3)
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May 21, 2015, islanding event
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Islanding with 100% Renewables

U.S. Department of Energy (DOE) Solar Energy Technologies Office-funded project, led by San
Diego Gas & Electric Company (SDG&E)

Scope:
— Add advanced grid-forming inverter and microgrid controller.
Objectives :

— Validate, via laboratory and field tests, innovative microgrid technologies that enable
distributed energy resources (DERs), including multiple smart PV inverters and a grid-forming
battery inverter, to contribute to grid stability and resilience by establishing frequency and
maintaining voltage magnitude during transient conditions, especially during microgrid
islanding.

— Advance the state of the art in grid-forming inverter controls through field deployment of an
advanced grid-forming BESS and using this BESS to provide fast frequency response during
islanding.

— Advance the state of the art of demonstrating how intelligent control of distributed assets
can improve local system reliability and resilience and reduce PV curtailment due to islanding
operations.

— Attempt to island the Borrego Springs Microgrid with 100% renewable resources and black-
start without fossil generators.
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HIL Evaluation Platform at NREL
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System Restoration with Networked Microgrids

Individual microgrids have proven their ability to
increase reliability and resilience, but at a high cost.

Networked microgrids can further increase reliability
and resilience and mitigate the high costs.

Networked microgrids provide the following:
* Resilience (to extreme events)
* Reliability and security (normal/single failures, e.g., N-1)
* Economics (combined investment and operations)
* Efficiency (operating at efficiency points).

Networked microgrids can exist in many variations.

= Da-energized Line
& Open Switch
—— Energized Line
@ Closed Switch
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Resilient Operations of Networked

Microgrids

DOE Office of Electricity
microgrids programinvested . . , /4 9==00Z_--=---

in several networked 10U and

. . . Co-op Clean-start
microgrids projects. data sets DERM

. Resilient design .
AISO, the DOE Gnd of distribution Coopnes;[:;?i:r?j Constrained |
Modernization Laboratory stems Wi during extreme [ recovery from
Consortium, e.g., Citadels microgrids 4
Extreme letworked
Focus here on Resilient event merogTd _
. scenarios ”

Operations of Networked -
Microgrids (RONM). \ }

Open Modeling Framework Graphic User Interface
i;:; Leverage capabilities developed by prior projects
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Formulation and Methodology

Inputs:

Load flow model
Protection
Settings

Load time series
Extreme event
Scenario
Microgrids
Design upgrades

Resilient
design
formulation

N

Protection
formulation

Stablllty
formulation
Base
operations
formulation

Economlc
formulation

N

Regulatory
approach

A\,

Relaxations and approximations

Outputs:

Distributed energy
Dispatch time series

Network reconfiguration

Time series

Load pickup time series
Voltage and power flow

Time series
Design recommen-
dations

NREL |
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RONM Laboratory Evaluation

Evaluate RONM solutions for
reconfiguration and restoration
of distribution systems after
extreme events.

Validate on a HIL evaluation
platform, NREL's advanced
distribution management
system (ADMS) test bed.

Use distribution system models
adapted from utility partners.

Demonstrate that the solutions
do not violate key physical and
engineering constraints:

* E.g., cold-load pickup.

:::::::::

Generator Control

Network/Reconfiguration

Analog Controls & Feedback

ONM . Output | Digital Communications

output file Pa[ser === Cosimulation
ADMS Test Bed
i
|
|
i v CHIL
Phasor Tool - : — EMT-Tool ;
(OpenDSS) i ! : (RTDS) <«—» ProtectionRelays ... ._:
1 1
P
Yod | pHe
Test bed L
Coordinator oL . e
Distribution Feeders Feeder Subsection ___.
PHIL
— DC AC
T ke = M ...
Battery Battery Grid Simulator
Simulator Inverter




ADMS user OPAL-RT Real- Power and ADMS user
interface time simulator controller hardware . ’ interface

ADMS Test Bed | P o

Expected outcomes: Increased industry
confidence in ADMS technology through:

Test bed _':  Varentec user [
coordinator Y interface

* Laboratory demonstration of
applications for specific use cases

OpenDSS hs
& DERMS

o i -

* Analysis and potential application to
other utilities.

Progress:
* ADMS test bed capabilities developed:

* Multi-timescale cosimulation using
HELICS (OpenDSS/Opal-RT/RTDS)

* Hardware integration

e Communications interfaces
e Data collection and visualization.

2D real-time visualization 3D visualization
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First Use Case: SDG&E ® veeicen

‘ Capacitors

v ﬁ Tie switch

":i. PV
* Substation

! 4| storage
Y - 6.5M

[ | Breaker Open

[ Breaker closed
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Individual Microgrid Formation
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Networked Microgrids
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Networked Microgrid

NETWORKED
MICROGRID | #

NREL | 19
19



Extending Networked Microgrid

More switches closed

a1 NETWORKED
MICROGRID | #
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Summary

* Microgrid deployments continue to increase driven by resilience requirements.

* Increased penetration of inverter-based resources results in challenging low-
inertia environments.

* Networking of microgrids hold promise but will require new tools.

 Laboratory evaluation can be used to simulate scenarios without risk to
customers that can provide useful insight prior to field deployment.
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Thank You
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annabelle.pratt@nrel.gov
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CEC Project Results: Planned Disconnection
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CEC Project Results: Unplanned Disconnection

*  Simulated (CHIL only) over- and undervoltage and frequency conditions and faults
. MGC does not respond but relies on protection equipment
. MGC redispatches after disconnection if microgrid survives or manages black starts.
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