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Human vs AI System Planner

Perform 

interconnection 

study for a data 
center

Senior 
Engineer

Junior Engineer, Intern

✓Build scenarios (peak, off-peak, etc.)

✓Base case power flow, contingency

✓Voltage control, reactive power support 

✓Transient stability, oscillation, EMT

✓Short circuit analysis, weak grid risk

✓Mitigation measures: network upgrades, 

an output-limitation or curtailment 

agreement, reactive devices, or phased 

interconnection

✓Investment cost analysis
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AI System Planner: Power Flow, Contingency, Investment Cost

• T.J. Overbye, M.S. Sarma, and J.D. Glover. 

“Power system analysis & design”, 2019.

• Least-cost transmission expansion to connect 

a 200 MW wind farm into a 37-bus system. 

• Interconnected by at least 2 separate feeds, 

through 8 candidate rights-of-ways, using 4 

candidate conductor types. 

• No voltage or line flow violation in base case 

power flow and N-1 contingency analysis. 

• Investment costs on new transmission lines, 

transformers, substation upgrades, as well as 

the price for system power losses over 5 years. 

Textbook Project: Wind Farm Interconnection
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AI System Planner: Power Flow, Contingency, Investment Cost

1. Solve the project with PSSE using these inputs: (1) the project 

description (.pdf); (2) power flow case (.raw) converted from 

PowerWorld; (3) conductor characteristics table (.pdf).

2. List all the calculations and analysis needed for the project.

3. Find ambiguities in the project and design checkpoints to 

request human approval.

4. Design a detailed workflow and solve the project with PSSE.

User Queries
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AI System Planner: Power Flow, Contingency, Investment Cost

❖AI-designed workflow:

1. Convert the power flow case (.raw) into a usable PSSE case.

2. Build contingency list.

3. Solve base case + contingency analysis without the wind farm.

4. Calculate line parameters using conductor characteristics table.

5. Build candidate expansions with at least 2 separate feeds.

6. Solve base case + contingency analysis for candidate expansions.

7. Compute the loss-adjusted construction costs.

8. Select final design and generate final report.

6



AI System Planner: Power Flow, Contingency, Investment Cost

❖AI-designed human approval checkpoint:

1. Approve the designed workflow.

2. Approve candidate design scope: multi-feed 69kV, 

mixed 69/138 kV, and 138 kV lines.

3. ……
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AI System Planner: Power Flow, Contingency, Investment Cost

❖AI system planner:

1. Within 2 hours, performed base case power flow for 5,348 

candidate designs, found 2,722 base-case feasible 

designs. 200 lowest-cost designs were run through all 57 

contingencies.

2. Recommended design: 3 separate 69kV feeds from the 

wind farm to 69kV buses (PAI, PETE, TIM) with Crow, 

Crow, and Rook conductors.

3. Construction cost: $ 9.3397 Million; Worst N-1 loading: 

99.49%; Worst N-1 voltage: 0.956 pu.
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AI System Planner: Power Flow, Contingency, Investment Cost
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AI System Planner: Power Flow, Contingency, Investment Cost
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AI System Planner: Power Flow, Contingency, Investment Cost
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AI System Planner: Power Flow, Contingency, Investment Cost
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AI System Planner: Power Flow, Contingency, Investment Cost
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AI System Planner: Voltage, Reactive Power Support

1. Perform base case power flow (WECC-179).

2. Increase system-wide load until voltage collapse happens.

3. Suggest mitigation measures for the voltage collapse. Explain your 

reasons, estimate the costs, and run PSSE to verify your suggestions. 

4. For your successful mitigation measures, select some faults to perform 

transient stability analysis and calculate critical clearing times (CCTs). 

User Query

• https://web.eecs.utk.edu/~kaisun/Oscillation/simulatedcases.html 14



AI System Planner: Voltage, Reactive Power Support

❖AI system planner:

❑ The base-case load is 60785.4 MW, 15351.3 Mvar, with 

losses of 626.0 MW, 18604.1 Mvar. The base case 

already has high-voltage buses above 1.10 pu. Voltage-

control cleanup should be part of any operating plan.

❑ Uniformly scaling all constant-power loads produced a 

voltage collapse with a 2.5% load growth. The last 

converged point was 62336.0 MW.
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AI System Planner: Voltage, Reactive Power Support

❖AI system planner:

❑ The weak-area pattern points to reactive margin 

depletion in the southern/central 500 kV pocket 

around TEVATR, TABLE, ROUND MT, and OLINDA, led 

by bus 134 TEVATR3 at 0.9307 pu. The rising Mvar losses 

from 18604.1 Mvar at base to 20442.2 Mvar near the nose 

are a strong indicator that the incremental load is being 

carried through a reactive-stressed extra-high-voltage 

corridor.
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AI System Planner: Voltage, Reactive Power Support

❖AI system planner:

❑ Recommended Mitigation Measures:

1) Operational voltage schedule at nearby generating plants. 

Raise the voltage schedules of nearby generators to 

1.04 pu. This a low-cost operating action, not a planning-

grade fix. This recommendation was selected from 12 

candidate cases. The candidates were determined by 

engineering judgements, not rigorous algorithms.
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AI System Planner: Voltage, Reactive Power Support

❖AI system planner:

❑ Recommended Mitigation Measures:

2) Install mechanically switched or breaker-switched capacitor 

banks (5 x 500 Mvar) at buses 134, 132, 128, 119, and 115. 

I modeled these as fixed shunts in PSS/E; in an actual plan 

they should be switched or blocked at light load because the 

base case already has high voltages. Estimated cost is 

2,500 Mvar x $25,000/Mvar = $62.5 million plus $25 million 

for five extra-high-voltage substations, for a planning estimate 

of $87.5 million. This was selected from 54 candidate 

capacitor placement designs.
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AI System Planner: Voltage, Reactive Power Support

❖AI system planner:

❑ Transient stability of corrected case: No sequence data was 

supplied; I used balanced 3-phase faults rather than 

unbalanced faults. Fault choices: (1) Fault 1 at bus 134 

TEVATR3 (selected because this is the weakest voltage 

bus). (2) Fault 2 at bus 119 TEVATR with trip of 119-134 

(selected because bus 119 is the local 500 kV hub and the 

119-134 circuit feeds the weakest bus). (3) Fault 3 at bus 

77 JOHN DAY (selected because it is the swing/generation 

reference, a severe rotor-angle stress location). Critical 

clearing times are: 0.932s, 0.208s, 0.966s.
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AI System Planner: Voltage, Reactive Power Support
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AI System Planner: Voltage, Reactive Power Support
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AI System Planner: Transient Stability, Oscillation

1. Perform power flow and transient stability studies with PSSE.

2. What problems do you see? If you see oscillations, identify the 

oscillation source (WECC-179).

3. If you see any problem, what are the possible causes and mitigation 

measures?

4. Generate a detailed report.

User Query

• https://web.eecs.utk.edu/~kaisun/Oscillation/simulatedcases.html 22



AI System Planner: Transient Stability, Oscillation
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AI System Planner: Transient Stability, Oscillation
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AI System Planner: Transient Stability, Oscillation
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AI System Planner: Transient Stability, Oscillation
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AI System Planner: Transient Stability, Oscillation
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AI System Planner: Transient Stability, Oscillation
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AI System Planner: Synthetic Texas Grid – Transmission Expansion
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• Annual load and renewable profiles

• Load islands

• A list of transmission expansion candidates

• Power flow + Contingency (N-1) + 8760-

hours production cost simulation

• Voltage limits: 0.95~1.10pu

Synthetic Texas 2000-bus System



AI System Planner: Synthetic Texas Grid – Transmission Expansion
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• Security-constrained transmission expansion planning problem:

✓ Binary planning decisions: build candidate line, generator uprate, shunt, 

transformer upgrade, etc.

✓ Continuous operating decisions: generator dispatch, shunt MVAr 

output, bus voltages, branch flows, maybe load shed slack.

✓ Scenarios: summer, winter, and N-1 contingencies.

✓ Objective: minimize investment cost, possibly plus operating cost and 

very large penalties for infeasibility.

✓ Constraints: AC power balance, voltage limits, thermal limits, island/load-

shed rules, candidate asset limits.

Q: Can this problem be solved mathematically?



AI System Planner: Synthetic Texas Grid – Transmission Expansion
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• The difficulty is that the true version is a large mixed-integer nonlinear 

nonconvex optimization problem because AC power flow has nonlinear 

voltage/angle equations and the planning choices are discrete. 

• For a 2k-bus system with thousands of candidates and many N-1 cases, 

a full exact AC-MINLP solve is usually not practical.

• The best practical approach is usually hybrid mathematical 

optimization + engineering validation.

Q: Can this problem be solved mathematically?



AI System Planner: Synthetic Texas Grid – Transmission Expansion
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• The best practical approach is usually hybrid mathematical optimization + 

engineering validation:

✓ Use a simplified optimization model, usually DC MILP or linearized AC, to 

propose candidate portfolios.

✓ Validate those portfolios with full AC pandapower N-1 simulation.

✓ Add cuts/constraints for the violations found.

✓ Repeat until feasible.

✓ Use engineering heuristics to guide candidate pools, contingency screening, 

and reactive/voltage fixes.

Q: Can this problem be solved mathematically?



AI System Planner: Synthetic Texas Grid – Transmission Expansion
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• The strongest approach for your case would probably be:

✓ Master MILP: choose transmission/generator/shunt investments using 

DC or linearized constraints.

✓ AC validation subproblem: Power flow checks summer/winter and 

active N-1 contingencies.

✓ Violation cuts: if a line overload or voltage issue remains, add 

constraints or candidate requirements back into the MILP.

✓ Feasibility-restoration objective: minimize weighted overload/voltage 

violations first, then minimize cost once feasibility is reached.

Q: Can this problem be solved mathematically?



AI System Planner: Synthetic Texas Grid – Transmission Expansion
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• Best acceptable plan:

✓ Cost: about $41.065B

✓ Base summer/winter: feasible

✓ Rating-B: feasible

✓ No load shedding

✓ Active N-1 residual: 5 failures

✓ Voltage failures: 0

✓ Remaining failures: thermal only

Q: Can this problem be solved mathematically?



AI System Planner: Synthetic Texas Grid – Transmission Expansion
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• I did not find a completely feasible solution under the current rules. 

• The main reason looks structural: The remaining violations are all 
transformer thermal overloads, mostly small margins.

• I checked the official candidate catalog: it has no direct upgrade candidates 

for the remaining overloaded transformer IDs. So a fully feasible plan may still 

be found through indirect line additions or multi-candidate combinations, but 

the more engineering-natural fix would be to add/directly allow transformer 

capacity upgrade candidates for those remaining transformer bottlenecks, 

then rerun the hybrid search.

Q: Can this problem be solved mathematically?



AI System Planner: Synthetic Texas Grid – Transmission Expansion

36

Q: Allow 

additional 

synthetic 

candidates 

and find 

cheaper 

solutions:



AI System Planner: Synthetic Texas Grid – Transmission Expansion
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Q: Allow additional synthetic candidates and find cheaper solutions:



AI System Planner: Synthetic Texas Grid – Transmission Expansion
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• The annual study reported 232 congested physical lines.

• Worst individual annual congestion rent of $20,163,864.58

• Worst congestion duration of 8,551 hours. 

• These are operational outputs, not additional investment-feasibility 

constraints unless specified by the benchmark reporting rules.

Q: Allow additional synthetic candidates and find cheaper solutions:



AI System Planner: IBR Model Verification

❑IBR design documents:

• PDF, Word, Excel

❑IBR models:

• PSCAD or PSSE/PSLF

• Text files

1. Model 
verification

PSCAD 

model file 
(.pscx)PSSE model 

file (.dyr) 39



AI System Planner: IBR Model Verification

AutoCAD 

solar farm 

design (PDF)

40



AI System Planner: IBR Model Verification

❑ Project information: (1) on-grid solar PV system; (2) total DC 

capacity: 86.4 kWp; (3) grid: 120/208 V AC, 3-phase, 50 Hz, 3-

phase + neutral (Note: 120/208V systems are typically 60 Hz in 

many regions. 50 Hz labeling should be verified).

❑ PV array configuration: (1) rating: 240 W; (2) model: Yangtze 

Solar (YS360M-72) (Note: Model suggests 360W, drawing 

states 240W — inconsistency. The 240W label conflicts with the 

86.4 kWp project size. Most likely actual modules are 360W); (3) 

12 PV strings per inverter section, 20 modules per string.

❑ Inverter system: (1) quantity: 3 inverters; (2) rating per inverter: 

25 kW; (3) total AC capacity: 75 kW AC; (4) grounded.
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AI System Planner: IBR Model Verification

❑ AC protection per inverter: three AC Breakers: 50A, 3-Phase.

❑ Main AC protection: (1) 150A 3-phase breaker before 

transformer; (2) 300A 3-phase disconnect switch; (3) customer 

panel breakers: 300A CB and 350A CB.

❑ Transformer: (1) rating: 112 kVA; (2) type: 3-phase step-down 

transformer; (3) grounded; (4) connects inverter to utility/grid.

❑ Metering: (1) production meter: 3-phase (L1, L2, L3, N); (2) 

utility meter: 3-phase; (3) between customer panel and grid.
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AI System Planner: IBR Model Verification

Transformer nameplate (picture)
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AI System Planner: IBR Model Verification

❑ General information: (1) 3-phase, 60 Hz. (6) rated power: 

75kVA; (7) impedance: 5.5%; (8) connection: Delta-Y grounded.

❑ Primary voltage ratings (HV/H1-H2-H3): (1) rated voltage: 

480V; (2) rated current: 90.2A; (3) BIL: 10kV.

❑ Secondary voltage ratings (LV/X0-X1-X2-X3): (1) rated 

voltage: 208Y/120V; (2) rated current: 208A; (3) BIL: 10kV.

❑ Tap changer data: (1) 7 taps; (2) primary voltage: 504V~432V; 

(3) 2.5% of rated voltage increase per tap change.
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AI System Planner: IBR Model Verification

❑ General information: (1) model/series: DEIF ASC; (3) solar 

controller (grid-tied plant controller for utility-scale PV plant).

❑ Real-time electrical data: fixed power active control mode, 

power factor = 0.97, active power = 1709kW, reactive power = 

424kVar, apparent power = 1761kVA.

Solar 

controller 

panel (picture)
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AI System Planner: IBR Model Verification

PSCAD vs 

PSSE 
model files

❑ These do not appear to be models of the same system.

❑ The PSCAD project is a detailed PV/BESS model with converter 

and battery controls. The PSSE files are a large WECC system.

❑ The .dyr file contains mostly classical machine models (GENCLS), 

no PV/BESS dynamic models (REGC_A, REEC_B, REPC_A, 

CBEST, BESS, vendor-specific renewable models).
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Future Work: AI with Human Engineering Experience

• Human-instructed, AI-adapted 

workflow, mitigation measures, 

human approval checkpoints

• Based on company-specific 

planning procedure, 

engineering experience

• Multi-AI collaboration

• AI-designed workflow, 

mitigation measures, human 

approval checkpoints

• Based on general reasoning, 

public information

• Single AI agent
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Future Work: Skills

• https://github.com/Power-Agent/PowerSkills 

• Skills provided by human engineers

• Teach AI human engineering experience

48
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Future Work: Skills
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