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THE GRID PLANNING BOTTLENECK

▪ Over 2,060 GW of generation and storage waiting to connect (end of 2025)1

▪ Surging, uncertain load (AI data centers)

▪ FERC Order 1920 → broader scenario coverage required

▪ Long wait: about 5 years from request to operation, and growing.

▪ Most withdraw: roughly 7 in 10 projects drop out before they get built.

Yet planning workflows are unchanged: 

▪ manual scenarios, ad-hoc scripts, rigid tools

[1] Berkeley Lab, Queued Up 2025 Edition. https://emp.lbl.gov/queues
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HOW CAN AI HELP GRID PLANNING?

▪ Approach one: AI as a solver
▪ A legitimate question: success in many domains, e.g., protein folding

▪ Remain discovery and predictive tools

▪ Power system is a physics-governed system

▪ Accuracy is very important. (Alphafold is only 90% accurate)

▪ Physics-informed learning is still in preliminary stage

▪ Conventional computers cannot solve NP-hard problems

▪ Most power system problems are NP-hard

▪ Black-box solutions won’t be accepted by power sector

▪ E.g., Market clearing

▪ Approach two: AI as workflow orchestrator
▪ Leverage existing tools and integrate with agentic AI
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WHY WE TURNED TO AGENTIC AI

▪ Grid Planning is mostly orchestration of existing tools: set up cases, run simulations, 

compare results, write the reports.

▪ Each step is well-defined: the bottleneck is efficiently putting the steps together.

▪ Modern Agentic AI is good at this: it can plan, call tools, read results, and try again 

(autonomously or semi-autonomously – Human-in-the-Loop).

▪ Goes beyond orchestration: in-depth discussion/analysis with human operators. 

Existing power system analysis tools do the math.

The Agentic AI does the routine busywork.
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A NEW WAY TO 
POWER GRID PLANNING

AGENTIC AI FOR POWER GRID STUDIES



GRID PLANNING – TRADITIONAL VS. AGENTIC
▪ Traditional Grid Planning 

▪ 1. Define study scope manually
▪ 2. Collect and prepare data
▪ 3. Build study cases manually
▪ 4. Run simulation tools
▪ 5. Analyze violations manually
▪ 6. Develop mitigation plans
▪ 7. Prepare reports and presentations
▪ 8. Human review and approval

Agentic Grid Planning

PLANNER
asks in 
natural 

languages

AGENT
LLM

orchestrator

TOOLS
power system 

simulators

OUTPUT
tables, charts, 

memo

Every step logged — full audit trail
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▪ Agentic Grid Planning

▪ 1. Planner expresses planning intent in natural language
▪ 2. Agentic agents automatically gather and organize data
▪ 3. Agentic agents generate study cases automatically
▪ 4. Agentic agents orchestrates simulation workflows
▪ 5. Agentic agents identifies risks and root causes
▪ 6. Agentic agents proposes candidate solutions
▪ 7. Agentic agents generates decision-ready insights
▪ 8. Human-in-the-loop decision making



OUR APPROACH VS OTHERS
Fixed tool-calling / MCP Fine-tuned model LLM as solver Ours

Examples Harvard - PowerMCP1 NLR - eGridGPT2 research only this work

Functionality
do predefined 
functionalities

give decision 
suggestions, 
validate in 
simulation

compute the 
answer

writes code to the 
native API (full 
capabilities and 
compossibilities)

Extensibility
new coding work for 

new functions
re-fine-tune — (re-train?)

write a new 
document with 
instructions

Math real solver
real solver, 
partially

LLM 
(unreliable)

real solver

Trust highly reliable black-box, weights black-box
inspectable code + 
validation + 
sandbox

[1] Harvard - PowerMCP. https://poweragent.seas.harvard.edu

[2] NRL - eGridGPT. https://research-hub.nlr.gov/en/publications/egridgpt-trustworthy-ai-in-the-control-room 
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DEMO



THE FUNDAMENTAL TOOLS

▪ UnitCommitment.jl

▪ Source code: https://github.com/ANL-

CEEESA/UnitCommitment.jl 

▪ Documentation: https://anl-

ceeesa.github.io/UnitCommitment.jl

▪ Benchmark instances: 

https://axavier.org/UnitCommitment.jl/0.4/instances

▪ UnitCommitmentWeb

▪ Web UC case builder: https://ucjl.axavier.org/builder
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Workspace

Unit Commitment Case Builder 

AI Agent 
Panel

First Glance

Already a standard-alone production-
ready web case builder at: 
https://ucjl.axavier.org/builder

Add Agent features soon

https://ucjl.axavier.org/builder
https://ucjl.axavier.org/builder
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High level 
summary

native 
package APIs

not raw file 
read

accurate 
efficient

Ask for a comprehensive summary of the case
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Complex CRUD operations

not single checkout 

but composability
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Solve the case using the real solver

Asynchronous 
for long solving
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Rich UC solution views

problem solving logs 
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predefined dashboard for key metrics

Rich UC solution views
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Rich UC solution views

case topology map

system solution states 
as time evolves
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All the raw solution 
detailed tables

Rich UC solution views
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LLM Pretrained Power System Knowledge 

Ask possible 
reasons from 
LLM based on 
pretrained 
knowledge in 
power system 
domain

Then let it 
make some 
actions
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Customized rich visualization

Ask for 
modifications 
anytime



20

Closed loop – planning proposals

Many possible 
mitigation 
proposals 
based on 
system 
condition
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Closed loop – do simulations

Setup the 
scenarios

Run the 
simulations 
in parallel

Summarize 
the findings
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Closed loop – make reports

AI Agent writes down 
everything it did

Human review



WHAT IT PROVIDES



THE PLATFORM

▪ Agent core

▪ All the common supported features like the other agentic platforms, e.g. Claude, ChatGPT

▪ Power grid modeling and simulation tools

▪ Steady state and dynamic analysis

▪ Well-maintained for power grid studies

▪ System prompts, skills & MCPs

▪ A shareable platform for power system communities

▪ Write, test, publish & share their customized workflows with others
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KEY TAKEAWAYS & FUTURE WORK

▪ Takeaways

▪ Fundamental power system analysis tools and solvers are the foundation.

▪ Agentic AI can orchestrate and run the complex workflow using the tools. People stay in charge.

▪ Every step in the work is logged, reproducible and audited.

▪ Future work

▪ Modeling capabilities: Only scenario setup & run supported, add more low-level mathematic 

modeling capabilities for agents.

▪ More tool integrations: Add more power grid tools for more power grid analysis, e.g., Argonne’s 

PowerSAS dynamic modeling and simulation tool.

▪ Testing: We still need a fair test of agent vs. expert.
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Scan for collaborations
Public release coming soon.
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