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NREL Overview

* NREL is the only national laboratory dedicated to renewable energy and energy-
efficiency research and development (R&D).

* Research ranges from fundamental science to technology solutions.
* Collaboration with industry and university partners is a hallmark.

Main Campusin Golden, CO
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NREL’s largest R&D facility (182,500 ft2/20,000 m?)
Space for ~200 NREL staff and research partners

Key research areas for the ESIF include:
e Cybersecurity

* Energyresilience

* Gridsystems integration

* Building technologies and thermal
* Advanced mobility

* Renewable fuels/gas and energy.
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DOE ADMS and DERMS
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Core Development

Transform utility electric distribution management systems to enable the integration and
management of all assets and functions across the utility enterprise regardless of
vendor or technology.

Today Future

Closed, proprietary, ﬁ Open architecture, standards-
vendor specific based data exchange

Four program areas:

Platform: Develop an open-source platform; evaluate advanced applications.
Testbed: Build a vendor-neutral test bed to evaluate existing and future advanced

distribution management system (ADMS) functionalities in a realistic setting.
Applications: Develop an initial suite of ADMS applications.

Advanced control:  Develop new integrated optimization and control solutions.
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ADMS Test Bed

Goal: Accelerate industry adoption of ADMS to:

* Improve normal operations with high levels of
distributed energy resources (DERs).

Other Utility Management Systems

ry

ADMS Test Bed

* Improve resilience and reliability. : rT——— :
nAuUStry Standard INTErTaces u——

Approach: Partner with utilities and vendors to

Simulation Hardware

evaluate specific use cases and applicationsto:
p h e « ui W
* Set up a realisticlaboratory environment. 1o\ “
T A )
* Simulate real distribution systems. - \-

* Integrate distribution system hardware.

e Use industry-standard communications. Scenario Generation T l Analysi and Visualization

* Create advanced visualization capability.

https://www.nrel.gsov/grid/advanced-distribution-management.html
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ADMS Test Bed

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

=

Test bed 2 Vhrentecuser
coordinator interface
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3D visualization
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ADMS Test Bed

Vendor ADMS
Other Utility
Management Systems
ADMS Test Bed '
Micmgrid Controller e bt : Measurements & Feedback
v Multi-timescale Simulation = - Controls & Feedback i
m Device Simulator/Dbus <~ H == Cosimulation
1 '
QSTSTool < | -, Digital Real-Time CHIL :
(OpenDSS) - Simulator :
ADMS Test Bed Transmission EMS R R ]
ihting B 1o \A A Protection Relays <
capabilities include: % W Testbed B y :
- . . . "o~ Coordinator T5 Mg
* Multi-timescale co-simulation using Distribution Feeders FeederSubsectlon
. . . —  Asset Controllers  «---:
the Hierarchical Engine for Large-Scale -
Infrastructure Co-Simulation (HELICS) =
PHIL
(OpenDSS/OPAL-RT/RTDS) L Remote HL
. . — DC AC
* Hardware integration = AC 3 AC Interface  Models
« Communications interfaces Controllable  PU/BESS Azl Controller
* Data collection and visualization. N~ —




ADMS Test Bed

Use Case Development

O Define question challenge to address

® (reate test to Define test plan
answer question
Provide field data Configure test bed and
© Run test (models, load data) — execute test plan

O Getanswer
to question costs, gain new insights

Determine qUestion/ ey Define use case

=

U.S. DEPARTMENT OF OFFICE OF

ENERGY ELECTRICITY

Identify value
proposition

Provide equipment
capabilities

Provide technical
support

Improve operations, reduce g [JIFTETE analysis o o Product performance

insights
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Configuring the Test Bed

Determine test scenarios —| Developtestplan
I
l v v
Selectsimulation Select hardware to Determine Deploy ADMS
tool(s) integrate comms. needs at NREL

- y v

Convert & validate Develop PHIL

| Developcomms. | | ADMS '
feedermodels™ interface(s) : interfaces v training :
Integrate Integrate hardware Implement Configure
simulation tools with DRTS commes. interfaces ADMS app(s)
Configure test Integrate ADMS with
bed coordinator simulation & hardware

!

Execute testplan

v

Analyzeresults ——® Disseminate results &learnings

b 4
A

Configure data
collection &viz.

h 4

*NRELs Distribution Transformation Tool (DiTTo): https://github.com/NREL/ditto. NREL | 11
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ADMS Test Bed Use Cases

. Peak load management with ADMS and DERMS

ADMS test bed capabilities used by:
— Holy Cross Energy/Survalent

¢ Non-wires alternatives

. ADMS network model quality impact on VVO .« ECO-IDEA
— Xcel Energy/Schneider Electric * GO-SOLAR
. AMI-based, data-centric grid operations * SolarExpert

* FAST-DERMS

— SDG&E + GridAPPS-D + SDG&E, Oracle, EPRI +

. FLISR in the presence of DERs GridAPPS-D — April 2023
— Central Georgia EMC/Survalent — August 2022  Resilient Operation of Networked
+  Federated DERMS for high PV system Microgrids (RONM)
— Southern Company/Oracle + GridAPPS-D — February 2023 . REO'R(?DG&E’ Cobb EMC — Nov 2022
. DER controls strategies for T&D grid services « Holy Cross Energy, Minsait ACS
— Xcel Energy + GridAPPS-D — September 2022 — Mar 2024
+  Modeling and co-optimizing grid operations and facility operations with * PV ntegration using a Virtual Airgap
interoperable ADMS, VPP, microgrids, and grid-edge DERS (PIVA)

GridBright, SDG&E — Sep 2023

—  Shell + Spirae — October 2023

. Integration of advance grid monitoring and analytics with ADMS FLISR
application
— |[EC + EGM — December 2023
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ADMS network model quality Use Case:

ADMS Test Bed

Schneider Electric ADMS

3 EDN

Lab Setup

Analog Controls & Feedback
----- Digital Communications
— == Cosimulation

QSTS Tool
(OpenDSS)

Distribution Feeder

+  Multi-timescale Simulation
Device Simulator/Dbus <«

v

!
—— : ~-» Phasor & EMT Tool

P (Opal-RT)

g

1l el )

AR B,

Testbed ' | 71 %
Coordinator < [ % "

Feeder Subsection

CHIL

» (Cap Bank Controller 4

> Cap Bank Controller «---:

> LTC Controller - -- :
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Partners:

Xcel Energy
Schneider Electric
PNNL

EPRI

Opal-RT
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ADMS network model quality Use Case:

Post-Processed Results

Q4D1 (High model quality; feeder head only measurements)

1.100

All Voltages - Q4D1

1.075/

1.050
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Q4D3 (High model quality; feeder head + 10 AMI measurements)

All Voltages - Q4D3

18:00
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Time
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ADMS network model quality Use Case:
Post-Processed 3D Visualization

e Real-time data streaming for 2D visualization

e 3D visualization of results.

Sim Time: 788 m

Photos by NREL
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Upcoming Events

ADMS Test Bed Workshop (1 R

A recent @ESIFLabs workshop showcased our
advanced distribution management system (ADMS)

® P | a n n Ed fO r | n pe rSO n at N RE L, test bed, which helps utilities evaluate their ability to

monitor and coordinate #AdvancedEnergy assets for a

GOIden’ CO, NOV, 7—8’ 2022 more efficient and secure #grid. Learn more about it at
*  Register by Sept. 27; foreign national forms due Sept. 29. i 1 i e

e 2022 Advanced Distribution Management System Test Bed
Workshop | Grid Modernization | NREL.

NREL ESIF
@ESIFlabs

A recent @NREL workshop demonstrated our advanced
distribution management system (ADMS) test bed, which

Survalent User Conference allows ity to evaluate performance of ADMS
 Atlanta, GA, Oct. 19-20

applications on their current and envisioned future system
at a lower cost and no risk to customers. bit.ly/2ré6mfMm

Survalent.

UC

2022 Global User Conference 1:56 PM - Dec 5, 2019 - Twitter Web App NREL | 16



https://www.nrel.gov/grid/2022-adms-test-bed-workshop.html

For Further Reading ) ENERGY ELECTRICITY

. H. Padullaparti, A. Pratt, I. Mendoza, S. Tiwari, M. Baggu, C. Bilby, and Y. Ngo, “Peak Load Management in Distribution
Systems Using Legacy Utility Equipment and Distributed Energy Resources,” IEEE GreenTech, 2021.

. A. Pratt, H. Padullaparti, |. Mendoza, M. Baggu, Y. Ngo, and H. Arant, “Defining a Use Case for the ADMS Test Bed: Fault
Location, Isolation, and Service Restoration with Distributed Energy Resources,” IEEE ISGT, 2021.

. K. Prabakar, N. Wunder, N. Brunhart-Lupo, C. Pailing, K. Potter, M. Eash, and K. Munch, “Open-Source Framework for Data
Storage and Visualization of Real-Time Experiments,” Kansas Power and Energy Conference, July 2020.

. A. Pratt, I. Mendoza, M. U. Usman, S. Tiwari, H. Padullaparti, M. Baggu, and E. Lightner, “Using an Advanced Distribution

Management System Test Bed to Evaluate the Impact of Model Quality on Volt/VAR Optimization,” IEEE T&D, Chicago,
Illinois, October 2020.

. A. Pratt, M. Baggu, S. Veda, F. Ding, |. Mendoza, and E. Lightner, “Testbed to Evaluate Advanced Distribution Management
Systems for Modern Power Systems,” IEEE Eurocon, July 2019.

. S. Veda, H. Wu, M. Martin, and M. Baggu, “Developing Use Cases for the Evaluation of ADMS Applications to Accelerate
Technology Adoption,” IEEE GreenTech, March 2017.

. S. Veda, M. Baggu, and A. Pratt, “Defining a Use Case for ADMS Testbed: Data Quality Requirements for ADMS Deployment,”
IEEE ISGT, February 2019.

. J. Wang, B. Lundstrom, |I. Mendoza, and A. Pratt, “Systematic Characterization of Power Hardware-in-the-Loop Evaluation
Platform Stability,” IEEE ECCE, September 2019.

. K. Prabakar, B. Palmintier, A. Pratt, A. Hariri, |. Mendoza, and M. Baggu, “Improving the Performance of Integrated Power-
Hardware-in-the-Loop and Quasi-Static Time-Series Simulations,” IEEE Transactions on Industrial Electronics (2020), DOI:

10.1109/TIE.2020.3029465.
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Thank You

www.nrel.gov

Annabelle.Pratt@nrel.gov
NREL/PR-5D00-82323

This work wasauthored bythe National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy,
LLC, forthe U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by U.S.

Department of Energy Office of Electricity, Advanced Grid Research & Development, and the Solar Energy " “ N R E I
Technologies Office. The views expressedin the article do not necessarily represent the views of the DOE orthe U S.

Government. The U.S. Government retains and the publisher, by accepting the article for publication, acknowledges

thatthe U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or re produce

the published form of this work, or allow others to doso, for U.S. Government purposes. Transformlng ENERGY
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Multi-Timescale Simulation

e (Can select one or more simulators to fit use case.

* Can run parts of the feeder in different simulators.

«  We have used/are using: v Multi-timescale Simulation 5

— OpenDSS by EPRI: Device Simulator/Dbus 4—-—: v
¢ Quasi-static time series (QSTS) QSTS Tool - I ~-» Phasor & EMTTool
* 1-s minimum time step; minutes typical. (OpenD33) : : i (Opal-RT)

. i

— ePHASORSIM by OPAL-RT: ﬁ% i i i
* Dynamic phasor, 1- to 10-ms time step. e | 1

— eMEGASIM by OPAL-RT: . Coordinator #‘{\\L A
 Electromagnetic (EMT) simulation. Distribution Feeders Feeder Subsection

— RTDS EMT simulations. T |

NREL | 19



Multi-Timescale Simulation Cont.

Orchestrated by test bed coordinator
software

Written in Python
Uses the HELICS framework:

— U.S. Department of Energy investment
through the Grid Modernization
Initiative

— www.helics.org.

A58, U.S. DEPARTMENT OF OFFICE OF

49 ENERGY ELECTRICITY

; Multi-timescale Simulation

Device Simulator/Dbus <~ v
I
QSTSTool < | ..» Phasor&EMTTool o
(OpenDSS) } : : (Opal-RT)
‘ ] | I
R
+¢
Testbed
Coordinator  ~- [ "
Distribution Feeders FeederSubsectlon
t
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Windmill,
etc.

Model Conversion Tools

Synergi,
Cyme, CIM,

OpenDSS
model
(full circuit)

Subtree
extraction

U.S. DEPARTMENT OF OFFICE OF

) ENERGY ELECTRICITY

Model reduction is required for real-time simulators—can use NREL or
commercial tools.

Example conversion flow

https://github.com/NREL/DSS2ePHASOR

ePHASORSIM
model of
subtree

OpenDSS
model of
subtree

OpenDSS

NREL's Distribution Transformation Tool (DiTTo), an open-source

model of
subtree

framework to convert various distribution system modeling formats:

https://github.com/NREL/ditto.

NREL | 21
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Hardware Integration

* Hardware-in-the-loop integration of controller and/or power hardware
 NREL-owned equipment is available for use.

Voltage waveform before and after using Voltage regulator

ST

(=]

o

an
= 60

g 40}
£ 20}

/AR Power
QSTS Power flow

Difference between After turning on
set point and voltage regulator
observed voltage
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Communications Interfaces

Uses industry-standard interfaces
Distributed Network Protocol 3 (DNP3):

— ADMS to OpenDSS:

* Device simulator developed by EPRI to
provide communications interface.

— ADMS to OPAL-RT/RTDS:
* DNP3 drivers available.
Currently implementing 2030.5 clients:
— Developed by EPRI.

Modbusis being set up for some hardware.

MultiSpeak.

CERY,  U.S. DEPARTMENT OF OFFICE OF

4% ENERGY ELECTRICITY

.......... Vendor ADMS
m SCADA [ FLISR
A4 —

. Multi-timescale Simulation

Device Simulator/Dbus <« ——, H

I

—» Phasor & EMTTool ___
(Opal-RT)

QSTS Tool -
(OpenDSS) |
y I
I

Test bed
Coordinator

Feeder Subsectlon

o

Distribution Feeders
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Data Collection and Management

e Architected and implemented data management tools
* C++ code on GitHub (https://github.com/NREL/rts-vis-app and_https://github.com/NREL/rts-data)
e 3D visualization was also developed.

=
OPAL-RT 2 1.
= = Data
- 2 ESIF—RELAY Converter  ZMQ Storage
s SmE T T
Sim Time: 788 m T |
. z
OpenDSS 2 R
=] !
= Visualization
TCPAUDP =— |
Controller
Hardware
Advanced o Data Manager
Protocols
Protocols Supported: .
+DNP3 =
Advanced = « Modbus &
- AOMS protocols +IEC 61850 =
by NREL
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Peak Load Management Use Case:

.S. DEPARTMENT OF OFFICE OF

Test Bed Setup ENERQ e TEeiT

SurvalentONE ADMS

Analog controls & feedback
------ Digital communications
==== Cosimulation

| Partners
: CHIL .| Holy Cross Energy
P - — Voltage Regulator
DEMS -! I Controller - Survalent
1 1
Coordinator i ] 1TCC Il E NRECA
1 [, ontroller ~ «--
|4 Test bed EPRI
i : a Coordinator PNNL
! : Distribution Feeder = | ¢
P I
——— B Loc DR ontolrs TR

H. Padullaparti, A. Pratt, I. Mendoza, S. Tiwari, M. Baggu, C. Bilby,and Y. Ngo, “Peak Load Management in Distribution Systems Using Legacy Utility

Equipment and Distributed Energy Resources,” IEEE GreenTech, 2021. NREL | 25
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Peak Load Management Use Case:

Post-Processed Results

Feeder head powers Bus voltages
I \
5 1000 — Pa =
¢ —n 2
= — Pc =
X 500 e 0 %1.00
[ 1 b T
: o £
16:30 17:30 . 18:30 19:30 16:30 17:30 18:30 19:30
Time Time
Storage output [-ve sign: discharging] 1o LTC and VR status
0 80 fkj
100 9 g °
z 702 9
x O G 0 — LTC
g -200 2 S —— VR
60 - -5
8 g e
-300 <
-10
50
-400 16:30 17:30 18:30 19:30
16:30 17:30 . 18:30 19:30 Time
ime
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Peak Load Management Use Case: e e omemerce gz
Post-Processed Results Cont. ENERGEEES LT

DVR + DERMS: 2019-12-30 16:30:00

3.0
- Y Substation
Total PV generation P Y LTC/Regulntor
0.4 —p { s
E 0.2 Q l
- e
E 0.01 /\ 2.0
. 5
£-02 2
[=] o
& —-0.4 15
16:30 17:30 18:30 19:30
Time
1.0
DVR + DERMS: 2019-12-30 16:30:00
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b 1.05 1.02
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8 3
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& 100y
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e 2
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0.98
16:30 17:30 18:30 19:30
Time




& ¥ U.S. DEPARTMENT OF OFFICE OF

%) ENERGY ELECTRICITY

FAST-DERMS Project

Develop a controls architecture to manage a broad range of DERs across the
grid for bulk system services through transactive, aggregation, and direct

control methods.
*  “Total DSO” bSO

+ Laminar coordination

e Distributed.

Flexible Resource Scheduler (FRS)

Eul e *ml

—— o ——— )

Manager

I

|

A v ]

Bldg/ Bldg/ Bldy [

ugrid ugrid ugrid |
: NREL | 28
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FAST-DERMS Lab Setup

GridAPPS-D platform:

— FRS, aggregators, transactive
market manager and HEMS

Oracle commercial ADMS

NRELs Object-oriented Controllable
High-resolution Residential Energy
(OCHRE™) residential building
simulator

High-performance computer
2030.5 communications.

Partners:

SDG&E, Southern Company, ComEd,
New York Power Authority, Oracle,
GridBright, EPRI, LBNL, PNNL, ORNL,
ISU, UNCC.

Oracle ADMS < Data Bus with DNP? Protocol Support

U.S. DEPARTMENT OF OFFI

\ CE OF
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I Control Applications (FRS, TMM, Aggregator) I

- !

Tools:

Optimization, Data Application
Machine Models and Development
Learning, Interfaces Services

Visualization for 1/0

etc.

4> Control & configuration

Data

_____________________

v

MG RT |
simulation

Simulation Hardware

W) NV ‘\\
L B

@ComeEd Lab
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