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ERCOT Large Load (LL) Queue 

• In the ERCOT 
Interconnection, a large 
load is defined as 75 
MW or larger

• Since 2022, many LLs 
have connected to the 
ERCOT

• Additional LLs have 
been approved in 
Planning studies and will 
connect over the next 
few years

• Over 90% of 
approved/energized LL 
is data center/crypto
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Large Load Ride-Through Events
Since Nov. 2023 – Aug. 2025 
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Partial Tripping  
Far West Texas Events (Multiple Pockets)
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Partial Tripping  
Real-world example: Far West LOAD L – 11/18/2024 Event 
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Large Load Oscillation
• July 24, 2024: ~40 MW oscillations observed in large load 

telemetry. 

• Oct. 25, 2024: ~50 MW peak-to-peak oscillation at ~23 Hz
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Challenges Observed with Large Loads
• Sensitivity of Large Loads to Voltage Dips

• Large electrical loads can be highly sensitive to voltage dips or 
sags.

• Their response varies significantly — for the same voltage dip, some 
loads may reduce power by 10%, while others may drop by as 
much as 40%.

• Maintaining a proper balance between generation and load is 
critical to keep system frequency stable during such events.

• As large loads continue to grow in the grid, their sensitivity to 
disturbances could lead to:
• Partial tripping of facilities, where only part of the load 

disconnects
• Forced oscillations that could destabilize the power system
• Abrupt increases in power demand, stressing generation and 

transmission systems
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Need for EMT simulation 

• Positive-sequence models are based on the following assumptions:

• The power system is perfectly balanced (three phases of equal 
magnitude, 120° apart).

• All components are represented at the fundamental frequency (50 
or 60 Hz).

• System states are expressed using phasors (magnitude and angle), 
assuming sinusoidal conditions.

• Fast control dynamics, such as phase-locked loops (PLLs) or inner 
current controllers, are not represented.

• They do not simulate unbalanced conditions, harmonics, or sub-
synchronous oscillations.
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Replicate Real-World Events in EMT Simulation

• Purpose of Actual Event Replication (e.g., Oscillation):
• Validate model performance against real-world system 

behavior

• Confirm accuracy of model parameters using measured event 
data

• Evaluate large-load (LL) model response during actual system 
disturbances

• Identify the cause of observed oscillations (root cause analysis)

•  Assess transmission system stability under realistic operating 
conditions



10

Replicate Real-World Events in Simulation

• Digital Fault Recorder (DFR)data at POI: 20 sample per cycle 
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PSCAD Simulation of a Facility-Scale LEL

• Modeling Assumptions
• Typical parameters used where data missing
• Based on device-level model
• Transformer & collector system not provided → assumed typical
• Protection & LVRT details not available → not modeled
• Network architecture not visible → excluded
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Replicate Real-World Events in Simulation

Ensure simulation reach to the desired steady 
state condition before introducing the event

Main : Graphs
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Replicate Real-World Events in Simulation
• Active power (MW)

– DFR data
– Simulation 

• Sudden power rise at 4s

• ~50 MW peak-to-peak 
oscillation at ~23 Hz
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Speculation on the 23-Hz Oscillations
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Challenges Observed
• Data Needs: High-resolution PMU/DFR data is essential to capture oscillation magnitudes 

and frequency modes.

• Standards Gap: No industry standard currently defines required large-load performance for 
sub-synchronous oscillations.

• Modeling Gap: Existing models do not accurately represent large loads for oscillation 
studies.

• Simulation Challenge: Phasor-domain (positive-sequence) simulations cannot capture sub-
synchronous oscillations.

• EMT simulations is needed for accurate analysis
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Future works

• ERCOT EMT Modeling Priorities
– Crypto miners
– UPS systems
– Cooling systems
– Large load architecture

• Build device-level models → scale to facility-level data center and LEL 
models.

• Parallel work: develop voltage ride-through curves and oscillation 
screening methods.
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