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$450M
Annual
Global

R&D

Our Experts

EPRI’s trusted experts collaborate with more than 450 companies in 
45 countries, driving innovation to ensure the public has clean, safe, 
reliable, affordable, and equitable access to electricity across the globe.

Who We Are

Founded in 1972, the Electric Power Research Institute (EPRI) is the 
world's preeminent independent, non-profit energy research and 

development organization, with offices around the world.

For more than 50 years, EPRI has been 
applying R&D to help solve real challenges. 
With EPRI, you can:

• Reduce expenses and increase productivity

• Be more resilient today and better 
prepared for tomorrow

• Access an industry repository of collective 
experiences, technical expertise, and 
training resources

• Extend your staff and make your teams 
more robust and more confident

• Benchmark, learn and share best practices

• Increase your awareness of challenges that 
others are facing and alternate solutions to 
challenges you might be facing

• Save time and money troubleshooting 
problems EPRI and its stakeholders have 
seen before

EXPERTISE

EPRI’s independent research is guided by our 
mission to benefit the public. We offer:

• Objective solutions

• A proven track record 

• Scientifically based research you can trust

CREDIBILITY

EPRl’s collaborative platform is unrivaled. Our 
R&D:

• Leverages your research dollars 

• Connects you to a global network of peers

• Accelerates deployment of technology

• Mitigates the risk and uncertainty of going it 
alone

• Positions you as a leader in addressing 
industrywide challenges

COLLABORATION

Explore EPRI’s research across the Nuclear, 
Generation, and Energy Delivery and Customer 

Solutions sectors ranging from decarbonization to grid 
modernization to low carbon resources.
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Transmission Operations : Challenges and Opportunities  

• Use of new  technology in 

operations ( VR, LLM)

• Managing IBRs in RT

• Advanced operator training

• Optimal operation of different 

power flow control device

• Voltage and Reactive Power 

Optimization

• De-centralized Control

• Utilizing emerging technologies 

in Blackstart/Restoration

• Improve situational awareness

• Robust control center tools 

and applications

Resilient 
Operations

Transmission 

Utilization and 
Control

Control Center 

Operational 
Readiness

Leveraging AI, PMUs and Optimization Methods across all areas
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CROF Framework
Data and Modelling

Centralised network modelling capability and resources, to EMT level, sharing 
across boundaries. Towards a digital twin of the transmission network using 

continuous validation with high-speed recording devices. Structured operational 
data. 

Operational Technology Applications 
Agile, modular, interoperable solutions, continuous development 

within a common framework. Leveraging secure use of high-
performance computing for simulation and AI. 

Process Automation and AI

Use of voice to automate manual data entry and knowledge 
retrieval. Leveraging safe, validated AI and LLMs for sense 

making  and decision support. 

Human Factors Decision Making
Operators as forecasters, proactively assessing and mitigating risk. 
Streamlined training solutions. Visual and sound design supporting 

how operators make sense and make decisions. Integrated 
visualisations and HMI.

Facilities, Equipment and Technology

Ergonomic desk design supporting operator wellness. Display design supporting 
levelised situational awareness and collaboration. Modular functional spaces. 

Operational readiness centers replacing simulators. 

Realising the CROF 

Vision
This is an ambitious vision, 
requiring research and co-

development between system 
operators, industrial vendors 
and research and academia
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Manual Control Actions

Action

Physical 
Security

Asset Health 
Monitoring

Telecoms 
Monitoring

Cyber Security

Assets and Infrastructure

IT / OT 
Management

Asset 
Control

Emergency/ 
Restoration

Processes & 
Procedures

Trends Outages

Sense Making

Aware

Training

Data and Information

Alarms

Real Time Assessment & Visualisation Switching and/or Dispatch

Action Making

Control Signals

Ancillary 
Monitoring

Human in the Loop

Operational Model

Operational Data

Data Hub
Centralisation 
& Validation

State 
Estimation

Schedules Gen Dispatch

Alert

Decision Making

Simulation Risk 
Benefits

Look Ahead  Assessment & Visualisation

OptimizationForecasts Options

2 PM

EPRI Control Room of the Future Vision

Auto
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Leveraging AI in Operations
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Concept –Can AI be  Safely Used with Transmission Alarm 

and Operational Data

Alarm Data

EPRI aLLarMa

+ Network
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Challenges to the aLLarMa Concept 

Lack of Transmission Ops Context – 

• Alarm text is semi-structured. 

• Standard LLMs don’t recognise words and text acronyms, 

• Different network data: Solution not generalizable 

Lack of Network Context – 

• The alarm text is separate from network model

• Asset data, protection, network, weather, outages also important

Hallucination – 

• For high reliability organisations – cannot afford nonsense answers to important questions 

• Need references to answers and an ability to verify

Security – 

• Open weight LLMs are good but limited in capability. 

• Cannot transfer network data to train frontier models
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All data built into a single, large graph 
model, which is queryable by an LLM

How We Built aLLarMa

Traditional Database Approach 

Multiple disperse operational databases 

Complex queries required to relate data

aLLarMa Knowledge Graph
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High-Level Architecture of aLLarMa 

Query of the 
Graph

Instantaneous text 
response with tables, 

graphics

LLM Converts Prompt to 
Database Query Based on 
Context of the Question

Operator question in 
aLLarMa dashboard

Natural Language 
Prompt input to LLM

LLM converts the results 
of the query into a 

concise readable format 

Extracted information 
from Graph

LLM Response and 
Graph Update

Network Alarms Archive

Query

Data



© 2024 Electric Power Research Institute, Inc. All rights reserved.11

Early Stage aLLarMa Online – Viewing Chattering Alarms

….Coming Soon to allarma.epri.com 
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Oscillation Detection, Monitoring and Mitigation using 

PMUs
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NERC Recommended Practices & Mitigation Measures

▪ Three-phase, five-step approach to mitigate forced oscillations

▪ Source location and source type estimation are critical for system operators 
to mitigate forced oscillations

• Step 1: Detect the 

Forced Oscillation

• Step 2: Determine Oscillation 
Frequency and Magnitude

• Step 3: Determine Extent of 
Oscillation

• Step 4: Determine Location or 

General Proximity of Oscillation

• Step 5: Determine Specific System 

Component Causing Oscillation

Phase I: Detection 
Oscillation

Phase II: Characterizing 
Oscillation

Phase III: Identifying 
Oscillation

Source: NERC Reliability Guideline: Forced Oscillation 
Monitoring & Mitigation Sept. 2017 
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Forced Oscillation Localization Tool (FOLT)

▪ Wide-band frequency oscillations (< 0.1 Hz to 15 Hz)\

▪ Three different methods for oscillation source location

– Dissipating Potential method

– Oscillation Magnitude method

– Oscillation Mode Angle method

▪ Source location estimation with confidence index

▪ Source type estimation: Active or reactive power control 
issue

▪ Inside/outside territory identification

– Usually for interconnection wide forced oscillations

▪ Does not rely on system topology

▪ Does not require full grid PMU observability

▪ Online version implemented using OpenPDC

Testing and validation of the tool done using actual events and utility systems 
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FOLT  : Use Cases

Utility #1

 SSO Event

Utility #2

 BESS-Induced Forced 

Oscillation Events 

• PMU data for 09/20/2023 
(0.21 Hz) and 11/03/2023 
(0.25 Hz) events 

• Source: Hybrid plants (PV 
with BESS) 

• Source: Data center
• Oscillation observed by 

PMUs in 5 substations
• ~ 11 Hz, ~5% damping 

ratio
• Reinitiated every ~1s 

Utility #3

Load-Induced Forced

Oscillations 

• 3-7Hz oscillations
• Source: Synchronous 

motors driving 
reciprocating compressors
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Mitigation of  Natural Oscillations : Wide Area Oscillations Damping 

Control 
TERNA Field Deployment
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Next Generation Grid Monitoring & Control for IBR 

Dominated Grids



© 2025 Electric Power Research Institute, Inc. All rights reserved.18

www.epri.com

© 2025 Electric Power Research Institute, Inc. All rights reserved.

www.epri.com

w w w . e p r i . c o m

TOGETHER…SHAPING THE FUTURE OF ENERGY®

http://www.epri.com/
https://www.facebook.com/EPRI/
https://twitter.com/EPRINews
https://www.linkedin.com/company/epri

	Slide 1: Control Center of the Future
	Slide 2
	Slide 3: Transmission Operations : Challenges and Opportunities  
	Slide 4
	Slide 5: EPRI Control Room of the Future Vision
	Slide 6: Leveraging AI in Operations
	Slide 7: Concept –Can AI be  Safely Used with Transmission Alarm and Operational Data
	Slide 8: Challenges to the aLLarMa Concept 
	Slide 9: How We Built aLLarMa
	Slide 10: High-Level Architecture of aLLarMa 
	Slide 11: Early Stage aLLarMa Online – Viewing Chattering Alarms
	Slide 12: Oscillation Detection, Monitoring and Mitigation using PMUs
	Slide 13: NERC Recommended Practices & Mitigation Measures
	Slide 14: Forced Oscillation Localization Tool (FOLT)
	Slide 15: FOLT  : Use Cases
	Slide 16: Mitigation of  Natural Oscillations : Wide Area Oscillations Damping Control 
	Slide 17: Next Generation Grid Monitoring & Control for IBR Dominated Grids
	Slide 18

