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Control Room Decision Making
Problem Statement
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Digital Twin in the Power Grid (>
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Digital Twin is a digital representation of the
power network model and real-time
measurement able to simulate scenarios.

Road Congestion & Vehicle
Energy Consumption

Simulation Real-Time Operation
Remotely

Process Improvement in System of
_— Systems (EMS-ADMS-DERMS-BTM)

~~__Predictive Insight of Asset Maintenance
or Remaining Useful Life (RUL)

Proof-of-concept or What-if

SIMULATING THE SYSTEM more

ADMS: Advanced Distribution Management System

o : . BTM: Behind-The-Meter
Source: Besiki Kazaishvili, NREL
DERMS: Distributed Energy Resource Management System




Digital Twin: Automation + Simulation (T
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FEP: Front-End Processor, ICCP: Inter-control Center Communications Protocol, HMI: Human Machine Interface, IED: Intelligent Electronic Device




Decision making

Reliable Anytime 24 X 7 X 365
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Generation: Serve
load optimally

Source: Seong Lok Choi, NREL and DALL-E

Operator must reliably balance generation & load (tug-of-war) via power line near 60Hz




In the past
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Operating’s Decision-Making |
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Recognition-Primed Decision (RPD) =

1 Monitoring

i I T

S55 Control

<?

Study/

v 5 B

Operating instructions

MENTAL
SIMULATION

Redispatch

L suial 1) AP s 2al 24 2 Sl

. . 2 ne 4D | state Message
W 1:26 @ L ANACONDA MOLY 230 KVLN ANAC_RNDM_1230
1054 7

— BUS 120KV ¥
i7:38 M1 PATH MW WI
i Alarms i1 PATHMW > 9
iT:06 b1 PATH MW WAT

50 PATH W > LI
@ LSYSTEM  PATH 66_76_ALM PATH MW W

g
R AR AR R RS

MODELS

D . SYSTEM PATH 66_ALM PATHMW = LI

PLANS PE—

RTCA flagging contingency "2 L025' which is

the loss of ABC-234 240KV lines resulting in a 123%
branch violation of the emergency rating on Lac La XXX-

987 134 h

Klein, G. A. (1993). A recognition-primed decision (RPD) witol Similar Case 12 200¢

~ model of rapid decision making. % — on and

contingencies are in response to the loss of XYZ-123 #1
B #2 240KV lines at 09:42.

1




sy SITUATION W
! ii @ W i n "

Will this work®&s®

Goal achieved? ‘

Study/SlmuIatlon
3 \1

MENTAL
. SIMULATION

Operating instructions

Modify input

MENTAL
MODELS

RTCA fa agging contingency " 2L025 " which is

the loss of ABC-234 240KV lin sulting in a 123%
branch wolatlnn of the emergenc ratln on Lac La XXX-
987 13 ch
iolatio S I C La XXX
138KV I m I a r ase jon and
esulte with an Invalid Solution. These
ontingencies are in response to the loss of XYZ-123 #1
£ #2 24DK\Hine at 09:42.




Real-Time Analytics for Grid (RTAG)

- — — -» e d RTAG Portal Recommendatlon

Data Flow
HEMIS

%

sase) YouAg
N\
O
/

<
<

Find the same
contingencies
between RTAG
& RTAG Twin

Filter Unsolved Map Evaluate Each
& Partially Reproduced BR
Solved Contingencies Contingencies

Classify Results

No Issue

[ Controlled Loss ]

Uncontrolled Loss
of Load & Gen

¥ RTAG Twin
Validate Unsolved CTGS

.
—V
—V
—_—

List of Excessivej Thermal contingencies

PowerTech TSAT
Freqg. NADIR Prediction

System
Overload
Mitigation

Selected
Branch
violations

Generation
Red|spatch

PowerWorld
Mitigate Excessive Thermal CTGS

I\/Iodel
Application Freq NADIR




NREL Digital Twin Demo: Contingency Violatio

Auto Validation
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What Can We Do More With Digital Twiﬁ?\ (T
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Digital Twin + Al in Decision Making (o7 | @1
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NREL Decision Making Platform: eGrldGbT\ (T

NREL eGridGPT
Decision-Making Platform

SCADA State Contingency
Alarm Estimator Analysis

eGridGPT Initial Response

eGridGPT Orchestrator

Sure. The peaking unit locations are Los
Angeles, San Francisco, and San Diego.
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(Draft) NREL T&D Digital Twin Futu\e\ (s
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(Draft) Prompt Based Dynamic Display \ (res | @

Futuristic Prompt: During the solar eclipse, animate PV reduction/increase while ramping up/down by other generation
sources to meet the demand
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(Draft) Prompt Based Digital Twin
+ Al Orchestration
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Interdomain Coordination by Operator

- Sure. The peaking unit locations are Los
i ™ Angeles, San Francisco, and San Diego.
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Key Takeaway: Al’s role is increasing, even to Robots



Digital Twin + Al + Dynamic Display
Control Room of the Future

»==x | Digital Twin to Automate Simulation.
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E_: e Reduce manual process

e Scenario runs concurrently

Better Decision Making

Al as a Virtual Assistant. N

e Additional recommendation with reference

e Orchestrate tool dination based t —
rchestrate tool coordination based on prompts Recommendations
c' = _ Display dynamically to Operator’s request.
> N | @
— .I e Prompt based display
W™ -rrovide triggering (or pop up) display if meaningful Trustworthy

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
	Digital Twin: Automation + Simulation

	Decision making Reliable Anytime 24 X 7 X 365
	Power Grid Trends: Distributed, IBR & Weather
	Operating’s Decision-Making Input
	Recognition-Primed Decision (RPD)
	Recognition-Primed Decision (RPD)

	Real-Time Analytics for Grid (RTAG) Data Flow
	NREL Digital Twin Demo: Contingency Violation Auto Validation
	What Can We Do More With Digital Twin?
	Digital Twin + AI in Decision Making

	NREL Decision Making Platform: eGridGPT
	NREL Decision Making Platform: eGridGPT

	(Draft) NREL T&D Digital Twin Future
	(Draft) Prompt Based Dynamic Display
	(Draft) Prompt Based Digital Twin + AI Orchestration

	Digital Twin + AI + Dynamic Display
	Digital Twin + AI + Dynamic Display Control Room of the Future




