


DOE National Laboratories Overview

anada

DEPARTMENT OF ENERGY

NATIONAL
LABORATORIES

a9 Regina

FRrinceRupent

aEdmonton

. SWinnipeg
W, TV ancouver

CLICK ON A NATIONAL
o e Pacific Northwest LABORATORY TO LEARN MORE.

elena

UL

L/ o, | °

Argonne 2 'I:h”;']j‘:UNE.TF w Brookhaven

Lawrence Berke|ey United States  stilouis %

S 9 Oak e 9

Ridlg_e : e

S Chihuahua

® Office of Science ey,
_‘-'. Mexico

1lajara
o
Ciudad de i uebla
léxicol

P Office of Fossil Energy

The National Renewable Energy Laboratory (NREL) is operated by Source: http://enerqy.gov/maps/doe-national-laboratories
Alliance for Sustainable Energy, LLC, for the U.S. Department of Energy (DOE). NREL | 2



http://energy.gov/maps/doe-national-laboratories

]

—4

More than

900

Workforce, including: World-class Partnerships Campus

219 postdoctoral researchers facilities, renowned with industry, operates as a
60 graduate students technology experts academia, and living laboratory
government

81 undergraduate students
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NREL Science Drives Innovation

Renewable Sustainable Energy Energy Systems
Power Transportation Efficiency Integration
Solar Bioenergy Buildings Grid Integration
Wind Vehicle Technologies Advanced Hybrid Systems

Water Hydrogen Manufacturing Security and Resilience
Government Energy

Management

Geothermal
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Advanced Research on
Integrated Energy Systems
(ARIES) is a unique research
platform developed by NREL and
DOE’s Office of Energy Efficiency
and Renewable Energy.
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ARIES Research Platform at Scale

ARIES is a
globally unique
research
capability that
can be used to
demonstrate
that distributed

\ i energy resources
et (DERs) can
H HEMS . |
Hydr\;?aemn 5';?,: Electric O.perate In rea -
Wind Farm ' time energy

markets and
provide reliable

HE?:& . . and resilient grid
= \ et Faten / services.

Generation & Storage Transmission/ Loads & Storage
Distribution & Storage

Virtual Emulation

e
Fossil & Nuclear -~
Generation

Photos by NREL
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ARIES
Scale
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20 MW >20 MW

ARIES Energy Systems ARIES Flatirons Campus ARIES Virtual Emulation
Integration Facility Environment
System & Component Size NREL | 7




There is a need for “at-scale” testing with real hardware, real data, in real time.

New ldeas on how

DMS in production,
at enterprise level—
MATURE algorithms

to make the most of Algorithms get maturity through real-time testing and validation.
DMS/ADMS

LARGE-SCALE

(DMS is deployed at
this level.)

LAB-SCALE NREL’s core capability

Real-Time Simulation
» Clusters with CHIL,

PHIL Changes in DATA

Changes in ALGORITHMS

Photos by NREL NREL | 8



DOE ADMS and DERMS B e
%2 ENERGY ELECTRICITY

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.

2016
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.

Test bed: 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.

NREL | 9



U.S. DEPARTMENT OF

1 OFFICE OF
) ENERGY ELECTRICITY

ADMS Test Bed

Goal: Accelerate industry adoption of ADMS to:

* Improve normal operations with high levels of
DERs.

Other Utility Management Systems

. *
------------------- g
Approach: Partner with utilities and vendors to : 5

ifi i i imulati | Hartllware
evaluate specific use cases and applications to: Simulation

ADMS Test Bed

* Improve resilience and reliability.

* Set up a realistic laboratory environment. I“]]]]III

* Simulate real distribution systems. F—

* Integrate distribution system hardware.

* Use industry-standard communications. o T T l Analysis and Visuallzation

* Create advanced visualization capability.

https://www.nrel.gov/grid/advanced-distribution-management.html

NREL | 10
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U.S. DEPARTMENT OF OFF

ICE OF
ENERGY ELECTRICITY

ADMS Test Bed

7o) ——

ADMS Testbed

Photo by NREL
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ADMS Test Bed

ADMS Test Bed capabilities include:
e Multi-timescale cosimulation

* Hardware integration
* Communication interfaces

* Data collection and visualization.

U.S. DEPARTMENT OF OFFI

CE OF
) ENERGY ELECTRICITY

m ————— Other Utility Management Systems

R ————
Simulation | Hardv:
A 3 \“‘

Scenario Generation T l Analysis and Visualization

NREL | 12
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Multi-Timescale Simulation

* Can select one or more simulators to fit the use case
* We have used/are using:
— OpenDSS by the Electric Power Research Institute (EPRI):
* (Quasi-static time series (QSTS)
* 1-s minimum time step; minutes typical.
— ePHASORSIM by OPAL-RT: Iml
* Dynamic phasor, 1- to 10-ms time step. =
— eMEGASIM by OPAL-RT:
* Electromagnetic (EMT) simulation
* 50-to ~200-us time step.
— RSCAD by RTDS:
e EMT simulation.

Simulation

-
By
L oV

=

NREL | 13



Ry, U.S. DEPARTMENT OF OFFI

Model Conversion &) ENERGY ELECTRICITY

NREL's open-source Distribution Transformation Tool (DiTTo) can convert between
various distribution system modeling formats: https://github.com/NREL/ditto.

* Developed a stand-alone OpenDSS to ePHASORSIM conversion tool,
https://github.com/NREL/DSS2ePHASOR.

Different real-time simulators can import different software formats.

Model reduction is often required for real-time simulators—we have used NREL and
commercial tools.

NREL | 14
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Multi-Timescale Simulation

Can run parts of a feeder in different simulators.
Demonstrated:

— OpenDSS and ePHASORSIM
— OpenDSS and eMEGASIM.

Orchestrated by test bed coordinator software:
— Written in Python.

Uses the Hierarchical Engine for Large-Scale
Infrastructure Co-Simulation (HELICS) framework:

— DOE investment through the Grid
Modernization Initiative

— www.helics.org.

T ePHASORSIM

a0 U.S. DEPARTMENT OF OFFI

CE OF
%2 ENERGY ELECTRICITY

Simulation

44 N

OpenDSS



http://www.helics.org/

B, U.S. DEPARTMENT OF OFFI
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Cosimulation

Cosimulation with other tools:

Simulation

44 N

* OCHRE™: I“]]]]HI

— Object-Oriented Controllable High-Resolution

OCHRE
Residential Energy Model (open source)
— Residential building simulation suitable for OCHRE™
cosimulation with power systems

— Implementation on high-performance computing
for many homes.

NREL | 16
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Cosimulation

 Real-Time Analytics for Bulk Grid (RTAG): GridAPPS-D-
—  https://www.nrel.gov/grid/control-room.html || * GridAPPS-D:
— Transmission power system simulation — https://www.gridapps-d.org/
— Transmission energy management system. — Open-source platform for ADMS
application evaluation.

— RTAG

TransmissionEnergy [T :
Management System ADMS Test Bed :
(EMS) Industry Standard Interfaces . -
Simulation Hardware
111 N1y “‘
Transmission I I : N A
System Simulation 7| HH"[ = 4 \

Scenario Generation T l Analysis and Visualization

NREL | 17
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Hardware | ntegration ) ENERGY ELECTRICITY

* 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

T

QSTS Power flow

3 -80

> 00 01 0
Time (s)
Difference between After turning on
set point and voltage regulator

observed voltage
NREL | 18
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Communication Interfaces

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

* ADMS to OpenDSS: :

— Device simulator developed by EPRI as : .
communication interface to OpenDSS Simulation Hardware

8 Other Utility Management Systems

4

— Used SEL RTAC in some use cases. ST
* ADMS to OPAL-RT/RTDS: II
— DNP3 drivers available.

—=4

BE
5
|

— Currently implementing IEEE 2030.5 clients:
* Being developed by EPRI.

— Modbus.

— MultiSpeak.

NREL | 19



& U.S. DEPARTMENT OF OFFICE OF

) ENERGY ELECTRICITY

ADMS and Controls Interfaced

 Commercial ADMS by:
— General Electric

8 Other Utility Management Systems

— Schneider Electric o T g ;
- Survalent 1 R ;
- OraCIe Simulation | Harjiware
— OSl. iit 1§35 “‘
T 11 =
) = # &8 ™
e Other utility management systems: I
— Varentec GEMS (now Sentient Energy).

e Research control algorithms:
— Applications on GridAPPS-D
— Python code.

NREL | 20



Visualization

m ----- Other Utility Management Systems
[

ADMS Test Bed

* Real-time data streaming for 2D visualization |

* 3D visualization of results | ? ‘3:?

e C++ code on GitHub: - ¢
— https://github.com/NREL/rts-vis-app I )

— https://github.com/NREL/rts-data.

Sim Time: 788 m

21

" Photos by NREL


https://github.com/NREL/rts-vis-app
https://github.com/NREL/rts-data

N

ADMS Test Bed

a0 U.S. DEPARTMENT OF OFFICE O

Use Case Development

Role
Define question Utility eEEL ' e o
Determine question/ . Identify value
challenge to address L . proposition
Create test to _
answer question Provid i t
q . Define test plan = rovclaS:l?imipergen
Run test { Provide field data o Conﬁgure‘f’é?t bed and y Provide technical
(models, load data) execute test plan support
Get answer to Improve operations, reduce 4 o V e Gain product
question . cost, gain new insights Results analysm ﬂ performance insights

%) ENERGY ELECTRICITY

NREL | 22



U.S. DEPARTMENT OF OFFI
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Configuring the Test Bed

Determine test scenarios —| Develop test plan
|
l v v
Select simulation Select hardware to Determine Deploy ADMS
tool(s) integrate comms. needs at NREL

' S '

L 4 Fr--------

Convert & validate Develop PHIL i Develop comms. E i ADMS |
feeder models” interface(s) : interfaces - training !
: : ' :
Integrate Integrate hardware Implement Configure
simulation tools with DRTS comms. interfaces ADMS app(s)
Configure test _ Integrate ADMS with
bed coordinator "| simulation & hardware

v

- » Execute test plan
Configure data 1

collection & viz.

A

Analyze results Disseminate results & learnings

4
X

* NREL’s Distribution Transformation Tool (DiTTo): https://github.com/NREL/ditto. NREL | 23
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ADMS Test Bed Use Cases

ADMS network model quality impact on VVO
— Xcel Energy/Schneider Electric
Peak load management with ADMS and DERMS
— Holy Cross Energy/Survalent
AMI-based, data-centric grid operations
— SDG&E + GridAPPS-D
FLISR in the presence of DERs
— Central Georgia EMC/Survalent
DER controls strategies for T&D grid services
— Xcel Energy + GridAPPS-D
Federated DERMS for high PV system
— Southern Company/Oracle + GridAPPS-D — Feb. 2024
Co-optimizing grid and facility operations
— Shell + Spirae — July 2024
System restoration with improved fault tracking
— lIsrael Electric Company + EGM — June 2024

U.S. DEPARTMENT OF OFFI

2%y CE OF
' ENERGY ELECTRICITY

ADMS test bed capabilities used by:
* Non-wires alternatives
+ ECO-IDEA
« GO-SOLAR
» SolarExpert
» Resilient Operation of Networked
Microgrids (RONM)
+ SDG&E, Cobb EMC
 FAST-DERMS
 SDG&E, Oracle, EPRI +
GridAPPS-D — April 2024
+ REORG
* Holy Cross Energy, Minsait ACS
— March 2024
* PV Integration using a Virtual Airgap
(PIVA)
GridBright, SDG&E — Sept. 2023
+ SALMON
* Portland General Electric, OSI +
TBD DERMS - Aug. 2027

NREL | 24



Peak Load Management Use Case [ qieneumeum

SurvalentONE ADMS Analog controls & feedback
-- Digital communications
—~——- Cosimulation
ADMS Test Bed
Multi-timescale Simulation ; m
. - CHiL .| Holy Cross Energy
> OpenDSS aan I e Opal-RT ] Voltacge Re?ulator --: Survalent
DERMS ET : i - NRECA
Coordinator kD 2o B P : E LTC Controll E
v v | feBd L, ontroller  «--
i Test bed ; EPRI
Pl .- Coordinator Sl KU PNNL
i | Distribution Feeder = | 4 Feeder Subsection
P o

H. Padullaparti, A. Pratt, |. 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



Peak Load Management Use Case:

U.S. DEPARTMENT OF OFFI

Post-Processed Results ENERRERRCIRIETRr

Feeder head powers Bus voltages
I 0 — Max. V
= 1.05 ;
g 10001 — Pa 3 e Min. V
§ A — Pb 3 --- Avg.V
— Pc =
< 500 ——- Qa %1-00
[ 1 b 5
g X 5
8 0 # | > ....................
16:30 17:30 . 18:30 19:30 16:30 17:30 18:30 19:30
Time Time
Storage output [-ve sign: discharging] 10 LTC and VR status
0 80 Fl—.
o) c O
= —100 70 2
X 3] 7 0 —— LTC
g ~200 R 2 —— W
60 -5
8 2 i
-300 <
- -10
—-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:

U.S. DEPARTMENT OF OFFIC

Post-Processed Results Cont. ENERGY ELECTRICITY

DVR 4 DERMS: 2019-12-30 16:30:00

3.0
. \ Jr  Substation
L I@tmw 9?“‘-""5.“:1““ ; r +  LTC/Regudator
0.4 —_p
= 2.5
:'E — e -"11- B
£ 0 h&_\\ N e T
E 0.0 R _-.: AT L "
= CURIPE o eat L e T
= I - . F— I‘Ik'g- =
@ P F— 3 5
-0z . T LR :
{ ) L
* 04 : Vit \‘§< L5

16:30 17:30 _ 18:30 19:30 e ?:..-A | e
Time J 7 , _ S

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

: J Substation
Bus voltages +  LTC/Regulatar 104
| ey B
5 ®
o, L
A 1 'Y o

—_— Max, V
- 1.05% - Min. ¥ 1.02
3 —
& Avg. W 3
v 1.00 g g
E LDDE
s £
0.95 >
1 ¥ ’ | ] 0.93
16:30 17:30 18:30 19:30
Time




ADMS Network Model Quality Use Case

Schneider Electric ADMS

“wo [ scns

ADMS Test Bed

Analog Controls & Feedback
----- Digital Communications
=== (osimulation

U.S. DEPARTMENT OF OFFIC

+  Multi-timescale Simulation

Device Simulator/Dbus <« ——;
|

QSTS Tool <« | —-p Phasor&EMTTool <
(OpenDSS) : : : (OpaI-RT)
1
b + &
Test bed
Coordinator

Distribution Feeder

*

Feedér Subsectlon

CHIL

» (Cap Bank Controller -

> LTC Controller | ..

1
(]

» CapBank Controller «---:

) ENERGY ELECTRICITY

Partners:

Xcel Energy
Schneider Electric
PNNL

EPRI

Opal-RT

NREL | 28



ADMS Network Model Quality Use

Case: Post-Processed Results

Q4D1 (High model quality; feeder head-only measurements)

1.100 All Voltages - Q4D1

1.0751

09!19;00 18:00 19:.00 20:00
Time

AMI Measurements

21:.00

1.100
—— Feeder Head —— Meterl2 —— Meter8
—— Meter3 —— Meter6 —— Meter9
G0 0] ERR—— —— Meter7

1.075

Ita

Meter10
—— Meterll

0.950 T

0.925

0.900 17:00 18:00 19:00 20:00

21:00

U.S. DEPARTMENT OF OFFI

CE OF
ENERGY ELECTRICITY

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

1.100

1.075

1.050

All Voltages - Q4D3

18:00 19:00 20:00 21:00
Time

AMI Measurements

—— Feeder Head —— Meterl2 —— Meter8 Meter10

—— Meter3 —— Meter6 —— Meter9 —— Meterll

—— Meter4 —— Meter7 L

18:00 19:00 20:00 21:00
Time

NREL | 29



FLISR in the Presence of DERs

U.S. DEPARTMENT OF OFFICE O

ENERGY ELECTRICITY

Legend
Partners: _ == Energized line
e == Recloser/switch
— Utility: Central Georgia EMC . Proposed BESS location
Substation ;

— ADMS: Survalent.

== Substation
B Switch closed
mm Switch open

Tie Switch

[=;

He

X\\f el \
i .(/’/
V4

NREL | 30



FLISR Flowchart With DER Dispatch

What if FLISR could dispatch DERs?

Controllable
Switches
Available

Alternative
Path

Feeder

™o, U.S. DEPARTMENT OF OFFICE OF

) ENERGY ELECTRICITY

Tie Switch

Spare
Capacity

Utility DER
Available

Spare Capacity

No

Utility DER

Available
No

Simplified, not showing all possible iterations

NREL | 31



Power Measurements With B1 & B2

U.S. DEPARTMENT OF OFFI

CE OF
ENERGY ELECTRICITY

(GFM BESS)

Circuit 2 Power

EZ‘F ! ! ! ! : ! i | \ : J\

21:35:58 21:36:00 21:36:02 21:36:04 21:3:06 21:36:08 21:36:10 136:12 21:36:14 21:36:16 21:36:18 21:36:20

Time
Circuit 3 Power

gsr» I I I I I I I I I I I T
=

| | | | | | | | | | |
21:35:58 21:36:00 21:36:02 21:36:04 21:4:06 21:36:08 21:36:10 36:12 21:36:14 21:36:16 21:36:18 21:36:20
Time
Tie Switch Power

21:35:58 21:36:00 21:36:02 21:36:04 21:3:06 21:36:08 21:36:10 :36:12 21:36:14 21:36:16 21:36:18 21:36:20
Time
$1 Power
2 \ \ I \ I \ \ \ \ \ I
20 .
o | | | | | | | | | | |
21:35:58 21:36:00 21:36:02 21:36:04 21:3:06 21:36:08 21:36:10 136:12 21:36:14 21:36:16 21:36:18 21:36:20
Time
S2 Power
z f ] ] ! ] I \ \ \ \ \ I
= 0.5 r»
o | | | | | | | | | | |
21:35:58 21:36:00 21:36:02 21:36:04 21:3:06 21:36:08 21:36:10 36:12 21:36:14 21:36:16 21:36:18 21:36:20
Time Circuit 2 Recloser
S3 Power L
z 2\ T T I T I T N T T T I ‘
, — o
= F | | | | | | | | | | ‘ Circuit 3 Recloser
® L N.O. B Tie Switch
21:35:58 21:36:00 21:36:02 21:36:04 21:3:06 21:36:08 21:36:10 :36:12 21:36:14 21:36:16 21:36:18 21:36:20 . §1 -
Time Substation = =
°
2 FLISR Status S2 8 I
S 1 s3
< % T T I T I I T T T T I % B2 @) == B
& 05
& 0.
Z o | | | | | | | | | | |
g 21:35:58 21:36:00 21:36:02 21:36:04 21:36:06 21:36:08 21:36:10 21:36:12 21:36:14 21:36:16 21:36:18 21:36:20 B 1
Time

t=21:36:06: Fault occurs, de-energizing Circuit 3; both BESS switch to GFM mode to pick up load during the transition
t=21:36:11.6: ADMS issues the tie switch to close, reenergizing a portion of Circuit 3; BESS 1 switches to GFL nreL | 32



Smart Grid Asset Load Management &

Optimized Neighborhood (SALMON)

* Smart Grid Test Bed Collaboration e

$11.667M budget ($6.65M federal,* $5.017M match)

% Retrofit 580 of 2,800 buildings (~21%)

@ Build 1.4 MW flexible load resource

5-year timeline (June 2022-June 2027)

aaaaaa

@ 10% efficiency improvement across treated buildings

* Funded by DOE funded through the Connected Communities program —

NREL | 33



SALMON Test Bed Setup

Partners (on test bed task):

— Utility: Portland General Electric
— ADMS: OSI

— DERMS: TBD.

* Developed digital twin of PGE’s
study area in ADMS Test Bed:

— Two feeders in OpenDSS
— ~4,100 homes in OCHRE
— Run on HPC.

* Integrate with controls:

1. NRELs research DERMS and
aggregator controls

2. Commercial ADMS and DERMS
and NREL's aggregators.

ADMS Test Bed

GF"D%

F=wy Advanced Grid
ﬁ«\ Research

G & OFFICE OF ELECTRICITY

A
L]

AS
N
'F El

US DEPARTMENT OF ENERGY

111

I

Aggregator
Industry Standard Interfaces jEEEEEEER. ;

Simulation

Scenario Generation |

l Analysis and Visualization




Federated Architecture for Secure and Transactive Distributed

Energy Resource Management Solutions (FAST-DERMS)

* Employ “Total DSO” architecture model such that
the DSO represents the aggregated resource
response in the bulk transmission system.

Transmission System Operator (TSO)

Distribution Utility Management System(s) Distribution
System
* Perform network-aware optimization to maintain FRS Coordinator Operator
. o . (DSO)
distribution health while simultaneously providing
bulk service.

Flexible Resource Scheduler (FRS)

* Demonstrate distributed intelligence by managing _
aggregations at the distribution substation through | | "yeee® Aggrogator
our Flexible Resource Scheduler (FRS). ' Manager

* Simplify T&D interaction by defining and
measuring transmission services provided at the
distribution substation.

The goal is to make multiple substations connected to a
transmission load bus (unmanaged load + DER) have Transmission System
the controllability of a conventional generator.

NREL | 35
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FAST-DERMS Project: Lab Setup

GridAPPS-D platform:
https://www.gridapps-d.org/ 3

— Research control applications v

[ Control Applications (FRS, TMM, Aggregator) |

g

-

Tools:

*  Oracle commercial ADMS e G
Remote cosimulation with ComEd Bl L senvices

etc.

— Siemens microgrid controller
e ADMS Test Bed:
— NRELs OCHRE residential building
simulator A GridAPPS-BDH
— High-performance computer
— 2030.5 communications.
Partners: S R
 SDG&E, Southern Company, ComEd, N

s . - =

New York Power Authority, Oracle, v RT P PN |“]]]H]| ? %\‘
GridBright, EPRI, LBNL, PNNL, ORNL, simulation 1" oCcHRE .
ISU, UNCC.

Oracle ADMS <- |

@ComeEd Lab



https://www.gridapps-d.org/

ARIES User Call for ADMS Test Bed

Future Use Cases

Issued August 2023

Advanced Research on Integrated
Energy Systems (ARIES) User Call for
Advanced Distribution Management
System (ADMS) Test Bed Vehicle-Grid
Integration Use Cases

VGI research areas:

Control architectures—addresses control
architectures and/or algorithms for systems with
high levels of EVs and other DERs

Role of DERMS and aggregators—addresses ways to
coordinate the operation of an ADMS with a DERMS
and/or aggregators to manage high levels of EVs and
other DERs

Integration with buildings—addresses the
evaluation of control and management solutions
that specifically include vehicle integration with
buildings (residential or commercial)
Communication architectures and cyber-secure
data—addresses the evaluation of solutions that
specifically include different communication
architectures, protocols, and/or cyber-secure
solutions

Proposals due: Oct. 27, 2023:
e 5-page concept paper + 1 summary slide.

NREL | 37



NREL: Integrated, End-to-End Energy Ecosystem

. , — Power Systems Integration Lab (PSIL) includes
Hity-: ist ution
e i Sontiols gfo 7 BTM and utility-scale DERs, microgrid controllers,

) = J’ 4 T Ny ADMS Test Bed, and future DERMS test bed,
Comf'ne:rCIal . ‘ \;.,l/ along with real-time simulators to model
" [.T [ . .
B“}""'“? Caniagsion 1o A & simulated loads and simulated power systems.
Residential e
uilding-scale 8] Smart @
Infrastructure emis (1) Meter |29 Systems Performance Lab (SPL)

contains residential DERs, major
appliances, and smart
controllers connected to
building simulations and grid

(CBRI) connects
commercial DERs,
BAS controllers,
and thermal energy

Y

Hardware-scale

L
HVAC

. . Batte . .
storage to building p— ) simulations.
simulations and E @,\7
grld Simu|ati0ns. Lighting L ¥ E‘Iemic
PV Inverter ,ﬁ Vehicle

Flexible combination of laboratory hardware, advanced controllers, and simulation
tools allows for wide range of experiments:

1. De-risking: Make projects more successful.
2.  Proving ground: Evaluate claims.

3. Scaling: Extend results beyond a single project—and from devices, to
buildings, to the grid.

NREL | 38




The ARIES Cyber Range

A unique capability for cyber-securing distributed, connected energy systems

NREL’s Cyber Range is unique:

1. Builds on NREL's best-in-class energy system
models and cosimulation

2. Focuses on future energy systems, especially
distributed and multi-owner critical infrastructure

3. Engages NREL domain experts
4. Accesses ARIES assets for hardware-in-the-loop.

NREL | 39
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NREL's ADMS Test Bed provides a realistic laboratory testing
environment for grid controls: ADMS, DERMS, etc.

— Real-time power system and building models

— Can integrate with bulk system simulation

— Hardware-in-the-loop capability.

Opportunity to partner with NREL through ARIES User Call for
ADMS Test Bed Vehicle-Grid Integration Use Cases

— Proposals due Oct. 27.

NREL | 40
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ESIF—A National User Facility

e NREL's largest R&D facility
(182,500 ft2/20,000 m?)

* Space for ~200 NREL staff and
research partners.
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ADMS Test Bed

Other Utility
Management Systems

Microgrid Controller

Transmission EMS

ADMS Test Bed
capabilities include:

* Multi-timescale cosimulation Hardware
integration

e Communication interfaces
e Data collection and visualization.
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