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The central concern

« Bulk Power System (BPS) is undergoing a rapid transformation
towards high penetration of Inverter-Based Resources (IBRs).

« Positive sequence models do not adequately identify issues
caused by IBRs.

* In most resources, the protective functions use phase-based
quantities rather than positive-sequence value. Therefore, positive
sequence dynamic simulation may not accurately present the
conditions of IBR during the trip.



Power System Model pre-IBR

x = f(x,v)
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x = vector of state variables
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v = vector of bus voltages turb & gov

i = vector of current injections

Y = network admittance matrix
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What is the use of EMT models?

* They are used to benchmark the positive sequence models.
* In long term, it is expected to use them for interconnection studies.
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 Other applications: —F
> Switching Overvoltage (SOV) and Temporary .y
» Overvoltage (TOV) analysis.

wiatage (pl)

» Transient Recovery Voltage (TRV) analysis.
» Insulation Coordination.
» Capacitor Bank Switching analysis.

Cument [k

» Shunt Reactor Switching.




Types of Simulation Tools

Switching Transients
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Do we need EMT Models?

« Electromagnetic Transient (EMT) models provide detailed
responses

* Represent network bus voltages as differential equations
* Include real-code behavior of inverters
* Represent phase lock loops (PLL) and inner loop controls

« EMT more appropriate to represent IBR resources

» Especially impact of IBRs in areas with low short circuit
strength



MOD-026 & MOD-027 Changes

* Model accuracy is crucial in Transmission Planning

 Increased IBR penetration creates a need for more
detailed simulation results

« Changes to MOD-026 and MOD-027
 MOD-026 and MOD-027 combined

 Clarified requirements and processes from transmission
planners

« EMT models required



MOD-026 & MOD-027 Changes

« MOD-026 and MOD-027 are nearly identical besides R2
« Compliance was generally checked for both standards at

once already
« Combining streamlines process requirements between

the two standards



Updates to R1

Requires Transmission planners to clearly define

Their model acceptance criteria

Processes for the Generator Owner to submit models to
Transmission Planner and Planning Authority

Processes for the Generator Owner to obtain previously
verified models from Transmission Planner



What are the ways to validate the models?

* Model Quality Tests, for example ERCOT DWG

 Flat Start

« Small Voltage Disturbance Test (3% up and down at the POI)
» Large Voltage Disturbance Test

« Small Frequency Disturbance Test (frequency up and down
0.3Hz at the POI)

« System Strength Test (SCR)

« Staged Test and model validation with MOD-026 and MOD-
027.



Comparison between EMT and Positive Sequence

* Verification of aggregated positive sequence and EMT
models is not a novel concept

« Purpose of work here is to demonstrate the complete
verification process for both models with field data
1. Collection of field test data
2. Development of aggregated models
3. Development of Power Plant Controller (PPC)
4

. Comparison of tuned positive sequence model to test
data
5. Comparison of tuned EMT model to tuned positive
sequence model



Sample Site Info

* 100MW capacity, Solar

« 34 PE HEM_FS3150M inverters behind Main Power Transformers
(MPTSs)

* Operates in Voltage Control Mode (VCM)
« Controls voltage at the low side of the MPTs, T1 and T2

« Examined against various Short circuit ratio (SCR)
* SCR = |\/IVAShort circuit/MWtotaI site rated

« Used as X/R ratio for connected grid representation in each model in
order to most accurately reflect real-world site.

M VAFault

M WCapacity

SCR =



Staged Testing

» Performed by using functionality in Plant Controller (PC) to
apply small disturbance in voltage setpoint

« Step shape disturbance so can observe plant’s volt/var
control function behavior

* As opposed to ramp shape which gradually increases demand for
power




Model Quality Test

There are four (4) measure in Model Quality:
1. Usability

2. Efficiency

3. Accuracy

4. Plant and Model Documentation
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POI Voltage Step Down
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High Voltage Ride-Through (HVRT) Lagging
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Low Voltage Ride-Through (LVRT) Lagging

Low Voltage Ride-Through {(LVRT) Disturbance - LWRT Lagging
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Frequency Step Down, 0.3Hz, No Headroom
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Frequency Step Down, 0.3HZ, with Headroom
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Frequency Step Up 0.3Hz

Frequency Step Up, 0.3Hz
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