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WECC REMTF  & Wind Models
Approved, Under Development

• Inverter interface (PV, 
WT3/4 plants, storage)

Module Use

REPC_A Plant controller 

REPC_B Enhanced plant controller

REEC_A Electrical controls (Wind)

REEC_B Electrical controls (PV)

REEC_C Energy storage

REGC_A Generator/Converter

WTGT_A Drive Train

WTGAR_A Aerodynamics

WTGPT_A Pitch Control

WTGTQ_A Torque Control

• WT1/2 wind plants
Module Use

WTxG Generator

WTxT Turbine

WTxP/A Pitch control/aero

WT2E Rotor resistance

• Distributed PV
Module Use

PVD1 Discrete (large) DG

PVD2 Enhanced discrete DG

CMPLDW(g) Distributed generation (PV)

CMPLDW+ Distributed generation 

All dynamic models except for CMPLDW require explicitly generator representation in power flow



WECC REMTF Model Documentation

• Technical specs, Application guides, Validation guides

• Where to find updated WECC/REMTF documents?

– https://www.wecc.biz/PCC/Pages/MVWG.aspx under 
“Approved Documents” and “Approved Model 
Specifications”

• Recent papers presented at 2015 IEEE PES GM

https://www.wecc.biz/PCC/Pages/MVWG.aspx


What is in a PV Plant?
DeSoto PV Plant (2009) 

Fort Myers, FL.  (courtesy of FPL)

Substation with 
plant transformers

PV Array on fixed of 
tracking structure 

PV Inverters and Pad-
mounted transformers

Substantial MV collector system 
network, OH or UG radial feeders

Interconnection 
Line



Power Flow Representation

Single-machine equivalent 
Could be a few-machine equivalent
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• Coordinate operation of inverters and other controllable assets 
inside the plant (custom integration typically needed)

PV Plant Control / SCADA
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WECC/REMTF Dynamic Model

• REPC_A generates the real and reactive power references 
based on the plant-level control scheme

• REEC_B translates the real and reactive power references into 
current commands

• REGC_A reconciles the current commands with the network 
solution to yield current injections
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REPC_A Block Diagram
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REEC_B Block Diagram
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REGC_A Block Diagram
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Model Validation – Overview

• Model validation is the process by which we 
reconcile a model with measured output

– Typically, we try to match the output (active and reactive 
power) for a given input (voltage, freq.)

– Can the model parameters be logically tuned?

• There is little industry experience with PV plant 
model validation

– However, validation is still required per NERC MOD-
026/027 and regional standards/policies

– REMTF published a technical guideline on the subject.  The 
charts that follow are extracted from that document
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Recommended Steps for REXX

1. Establish a power flow model for the plant

2. Define the plant’s mode of operation (e.g., local vs. 
plant-level control, etc.)

3. Set appropriate dynamic model flag combination

4. Determine appropriate dynamic model invocation 

5. Adjust tunable parameters

– Tunable parameters selected based on operation mode

6. Perform parameter estimation such that the modeled 
and measured are deemed to sufficiently agree
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Power Flow Representation

• Must be set up prior to tuning the dynamic model

• Common mistakes include connecting the equivalent 
generator to a high-voltage bus

– Refer to WECC PV Plant Power Flow Modeling Guide
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Defining the Mode of Operation

• List of commonly employed modes of operation for plant-
level control

• The designation “N/A” means that the parameter flag has no 
impact on the mode of operation

• We also developed an easy-to-follow guide to setting the 
parameter flags…

15



Flag Setting Procedure for REEC_B
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Verification of Flag Combination

• Clearly indicates whether or not a given flag 
combination makes sense from a control perspective

• In this case, we see that local power factor control 
should not be used with the plant controller module
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Dynamic Model Invocation

• It is not sufficient to set the parameter flags correctly

• The dynamic model invocation must be consistent 
with the selected mode of operation

• Notably, the regulated bus and monitored branch
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Identifying Tunable Parameters

• REXX model has 45 to 75 dynamic model parameters

• It’s critical to fix as many as possible (typical ranges)

• Recommended to restrict membership in the set of 
tunable parameters to control gains (see above)
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Parameter Sensitivity

• The real and reactive power control loops are 
independent (for the most part…)

• Categorized potential free parameters according to 
whether they affect the real or reactive response

• Can be broken down further into 4 quadrants…
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Parameter Sensitivity Cont.
• Real power response to voltage variations

– Key models: REGC_A

– Key parameters: lvplsw, zerox, lvpl1, brkpt, lvpnt0, lvpnt1

• Real power response to frequency variations

– Key models: REPC_A

– Key parameters: frqflag, kpg, kig, Ddn, Dup

• Reactive power response to voltage variations

– Key models: REPC_A + REEC_B

– Key parameters: kp, ki, kqv, kqp, kqi, kvp, kvi

• Reactive power response to frequency variations

– Key parameters: N/A
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Parameter Estimation Example

• Plant-level voltage control with coordinated local Q/V control

• Example created with simulated data for demonstration 
purposes

• Captured data on both sides of the station transformer to use 
as proxy PMU measurements
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Parameter Estimation Example

• Disturbance was a 6-cycle fault, resulting in a 50% 
voltage dip

• The key measured outputs were P and Q at the POI
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Parameter Estimation Example

• The level of residual error in the reactive power response 
represents what is achievable (and considered acceptable)  
considering field data accuracy
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Parameter Estimation Example

• Example, we can see not only how well the fits match, but 
how close the parameter values are

• In this example, we started with a blind parameter set and 
used the Nelder-Mead (downhill simplex) algorithm for 
parameter estimation
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Examples of PV Model Validation
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• Against Lab Test
– 3-phase, 50kW PV inverter

• Against PMU data 
– From 20 MW plant. Difference 

during fault clearing due to DC 
dynamics (not modeled)



PV Plant Model Validation



Staged Test – 34 kV Cap Switching
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Summary

• Setting up the models correctly is half the battle

– Parameterizing them is the other half

• There is no substitute for engineering judgment

– We do not prescribe tests for “goodness of fit”

• It’s important that the modeled output agrees with 
measured data for various disturbances

– Reserve some data for evaluation, rather than model training

• See the WECC Central Station PV Plant Model 
Validation Guideline for more information
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