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High DER penetrations and
their operational impacts
on the electric grid
during the clean energy
transition

Digital Twin + Al

Lack of decision-making tools
(too many displays & manual

Network Operator Virtual
process)

Assistant

Challenge Recommendation




< IEEE

Power & Energy Society”

Digital Twin in the Power Grid (>

Simulation Real-Time Operation
Remotely

Road Congestion & Vehicle
Energy Consumption

Process Improvement in System of

ﬁ Systems (EMS-ADMS-DERMS-BTM)

Predictive Insight of Asset
Maintenance

Proof-of-concept or What-if

Digital Twin is a digital representation of the
power network model and real-time

SIMULATING THE SYSTEM , ,
measurement able to symulate scenarios.

Source: Besiki Kazaishvili, NREL

ADMS: Advanced Distribution Management System

Digital Twin: Decision-making support? BTM: Behind-The-Meter
DERMS: Distributed Energy Resource Management System
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Decision making: Reliable Anytime 24 Xmﬁﬁ@%ﬁs

’ Light:
24x7x365

Generation: Serve
load optimally
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‘ Operator must reliably balance generation & load (tug-of-war) via power line near 60Hz
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Control Room Decision-Making Flow PIEEE

Data J Measur.ement
e Streaming/Image
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What it means (High or Low)
Context )
. e Outside boundary?
O : Information (normal or abnormal)
Expected Operation |
3 . P P e Why is it happening?
* e What will happen if abnormal stays ( )
~+ | Contingency Analysis O : Freauency Control
0 > 3  Voltage Control
- R . e Mitigation options by simulation * Protection
R ecommendation L
“‘ e Recommendations by other operators ~t - Switching
3 > ® | ° Stability Control
m Action * Decision making 0  Load Management
. e Operation Instruction
p
v Verification * Reporting if needed >
\_

Decision-Making Belongs to Operators with NERC Certification
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Control Room Tools
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/ MENTAL

SIMULATION

MENTAL
MODELS

ACTION
PLANS

Klein, G. A. (1993). A recognition-primed decision (RPD)
model of rapid decision making.
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Study Results

RTCA flagging contingency " 2 L025 " which is
the loss of ABC-234 240KV lin ulting in a 123%
branch violation of the emergency rgyng on Lac La XXX-

. Call for Better Decision-Making Platform e Similar Case e

N1 R

138KV on and
resulted With an Invalld Solution. These

contingencies are in response to the loss of XYZ-123 #1
& #2 240KV lines at 09:42.
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Dispatcher
Training Operation Physical
Simulator Model Model
(DTS) Physical Network Model
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\_Training Network Model Y, \_  Real-Time Measurement \_ Real-Time Measurement Y,
GPS  Web | -------------------------- ;
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| s | Data Domain | s o Application —) Phasor Data —
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REDUNDANT |

IEC 61850-90-5

Operational Command

== - Based IED _|IED2
Switch | =* @ D D—E‘ 4.: Switch : |
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_I_ Operator Human Machine Map Board (( ’) e P T T :
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FEP: Front-End Processor, ICCP: Inter-control Center Communications Protocol, IDS: Intrusion Detection System , IED: Intelligent Electronic Device, MU: Merging Unit, PDC: Phasor Data Concentrator




RUNMIMNG

| Freq: $0.0228 Hx
Chass: SH B2 NN
Load: 83,370 WY

Current Teme;28-Mar-2010 OR:0¥; 34

Vickation Type | Basecase Viokafion = CTGs Wiclation
LT
Brasch
Violtage
| Angie
: Inlarface

Wl oL o

Warificafion & Valdation of EME RTCA Sericais Volations

CTG 10 EME RTCA Twin RTCA Reproduced

MUCHITE UNSOLVED

AUNNING

ey BOOD0E Ha

Gan: 37 815 MW

Load: #5018 MW

imen] Timec2E-Mar-2019 SR t-52 MOT

RTCA Tima23-Mar-2019 03:08:20 KDT

Wiolaton Type | Basecase Wiolatiom | CTGs Viotation
Island
Branch
Wollogs
| Angle
| inderface

| Miscellansoss

Twin Validabon Stabus Twin Vabdstion Datall

$IEEE
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Trustworthy Al Q L‘;l_ Automated

Enabler {;\} Study
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Operation

Continuous
» Operation Plan
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Automated
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why abnormal, o
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cyber-attack? o

downstream Analysis with
applications Al
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Validated by|Digital Twin
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Digital Twin as Al Pre-training Data Provi $IEEE

Power Grid Al Model

* Distribution Digital Twin

* Physics-aware Future Scenario I
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DTS With the Latest Network Model

Digital Twin Instances 1 --- n Realtime Measurement

i i istori Historical
Historical Historical Event

Scenarios e Close to the Operator’s
Mitigations

Current Event Log
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Al Parameter Tuning Multi-Time Point Simulation
(Concurrent)

Current
Time

EMS
Multi-Time Point
Operation Analysis
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Control Center Operational Anomaly Detection System
Normal Harmful Anomaly

Operation Explainable Data Error
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Predictive E-- e
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Dlgltal Twm EMS
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Al/ML Powerflow Trend Prediction in
multi-time & space

Operationally Predicted Future 1
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Powerflow at a system level T

Subset of Critical
Contingencies

juawdinb3 B33

v

® o®

Network Topology
Mismatch

Physics of Law at a regional level by
sampling neighboring substations
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Physics of Law at a local @ l Operation
substation i e =
E] & Network
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Vision-based Anomaly Detection




Decision Making and Al
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Forecasting

e \Weather

e Load

e Variable Renewable Energy
e Asset Remaining Useful Life

~
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Data & Model

e Network

e Optimization

e Protection

e Anomaly Detection

Recommendation

e Operation Strategy
e Operator Log Processing

e SCADA Alarms
¢ Resilient
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Prompt Based Dynamic Display

e Sure. The peaking unit locations are Los
;-Z.‘) Angeles, San Francisco, and San Diego.

- Path 23 can increase to 2,300 MW.

% o DT Simulation result shows contingency
i ride-through on Path 66.
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Digital Twin EMS
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Generative Al
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NREL Decision Making Platform

4 Y4 N/

Reliability Operator Generative Digital Dynamic
Standards Notes Al Twin Display

Y Fine-tuning/Instruct QR teommerisn 2

Secure, Trustworthy, Interoperable & Reliable

Visualization

- AN AN N\ AN J




Digital Twin Expanding Scale: T&D + DER\ (pes | QIEEE

Digital Twin’s Role
* Expand to Distribution where measurement lacks, and modeling is

challenging
* Coordinate T&D with the grid participants including DER customer per FERC

Order 2222

DER Aggregator
VPP Operator i

NREL Autonomous Energy System



< IEEE

NREL T&D Digital Twin Validation aN@I@Es

Draft for Power Grid Al Model Training

Equipment Under

AC Transmission Test Pad

2 MVA PV Inverter System
2.5 MVA Synchronous Machine

Medium-Voltage
Impedance Network

Substation

Virtual Emulation
Environment

Power Grid
Al Model

ADMS

Battery:
High Performance

C ti d Dat
Power omputing and Data

EMS — Communication For
Measurment and Control

...... Data link to Al

Industrial Loads

N

Source: Barry Mather, NREL
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Prompt: During the solar eclipse, animate PV reduction/increase while ramping up/down by other generation sources to
meet the demand

El Eclipse Generation El H=3 N R E I
w n
Eastern Interconnection (El) s |

Total PV Capacity: 84.7 GW (UPV: 56.7 GW, DPV: 28.0 GW) Transforming ENERGY
Clear-sky eclipse impacts
Impact duration: 3 hours 29 minutes (13:13 to 16:42 EDT)
Total eclipse PV energy reduction: 52.5 GWh
Maximum eclipse PV power reduction: 40.8 GW (70.9%)
Maximum absolute PV generation ramp: 776 MW/min
April 08 13:01:00 EDT
Eclipse PV power reduction: -0.0 GW (-0.0%)
PV generation ramp: -1 MW/min
a T
| = usypy
| Distributed PV
g
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g "
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| Land-based Wind
B Hydro
= Pumped Hydro s ]
@ Battery §
I Biopower g
® Other g K
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Source: Kenny Gruchalla, NREL
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-1 Sure. The peaking unit locations are Los
Angeles, San Francisco, and San Diego.

- Path 23 can increase to 2,300 MW.
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DT Simulation result shows contingency
ride-through on Path 66.
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Dynamic Display by Prompt Answer

EMS/ADMS EMT/DERMS Data/Model

Digital Twin + Recommendation

Equation

Algorithm

VRE/Load

Regulatory
Standard

Standard

Risk Metrics

Governance

Anomaly

Power Grid Al Model
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Line Diagram Bl Frequency Control by Phone

Calculation by Hand &

Courtesy City of Loa Angeles Department of Water and Power °

i% Julie Cohn: The Grid: Biography of an American Technology

| S

/.-- by DALL-E & Animation by Paul Yoo

&,

Key Takeaway: Al’s role is increasing, even to Robots
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Control Room of the Future

»==x | Digital Twin with Automated Simulation.

1
H_: e Reduce manual process

e Scenario runs concurrently

Better Decision Making

Al as a Virtual Assistant. [
e Additional recommendation with reference °
e Orchestrate tool coordination based on prompts Recommendations
c — _ Dynamic Display must be dynamic to Operator’s request.
= e Prompt based display @
™™ -Provide triggering (or pop up) display if meaningful Trustworthy

NREL/PR-5D00-89725

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the U.S. Department of Energy (DOE) under
Contract No. DE-AC36-08G028308. Funding provided by the U.S. Department of Energy Office of Electricity. The views expressed in the article do not necessarily represent the
views of the DOE or the U.S. Government. The U.S. Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S. Government retains
a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work, or allow others to do so, for U.S. Government purposes.




	Control Room Decision Making Problem Statement
	Digital Twin in the Power Grid
	Power Grid Trends: Distributed, IBR & Weather
	Decision Making: Reliable Anytime 24 X 7 X 365
	Control Room Decision-Making Flow
	Operating’s Decision-Making Input
	Decision-Making: Recognition-Primed Decision
	Better Decision-Making Feasible?
	Digital Twin: Automation + Simulation
	NREL Digital Twin Demo: RTCA Violation Auto Validation
	What Do We Do With Digital Twin?
	Digital Twin as Trustworthy AI Enabler
	Digital Twin as AI Pre-Training Data Provider
	Look-Ahead Analysis by Digital Twin + AI
	Digital Twin as Anomaly Detection
	Decision Making and AI
	Digital Twin + AI + Dynamic Display
	NREL Decision Making Platform
	Digital Twin Expanding Scale: T&D + DER
	NREL	T&D Digital Twin Validation at Scale
Draft for Power Grid AI Model Training
	Dynamic Display
	Prompt Based Digital Twin + AI Orchestration
	Digital Twin + AI + Dynamic Display
	Digital Twin + AI + Dynamic Display Control Room of the Future



