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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied,
or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States

Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or
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Abstract

This presentation summarizes the work performed by EPRI in 2022 under the Department of Energy (DOE) funded
project “A Scalable Control Architecture for 100% PV Penetration with Grid Forming Inverters”. The work included
the development of a generic positive sequence dynamic model for grid forming (GFM) inverters, and of an
aggregate distribution feeder model that represents a mix of grid following (GFL) and GFM inverters, suitable for

transmission studies.
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“A Scalable Control Architecture for 100% PV Penetration
with Grid Forming Inverters”
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Generic Positive Sequence GFM Inverter Dynamic
Model




GFM Renewable Generator/Converter Model
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The model represents 4 types of GFM controls similar to existi ng

1. Droop based GFM REGC B and

2. Virtual Synchronous Machine (VSM) based GFM REGC C models
3. Dispatchable Virtual Oscillator (dVOC) based GFM B

4. Phase Locked Loop (PLL) based GFM
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GFM Renewable Elecirical Control Model
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GFM Model Comparison - Positive Sequence vs EMT

100% IBR IEEE 14 Bus System
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Aggregate Positive Sequence Distribution Feeder
Dynamic Model with a Mix of GFL & GFM Inverters




Test System
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Test Scenarios

Transmission network

Distribution network

Scenario | Inverter 1 | Inverter 2 | Inverter 3 | Simulation | GFM (%) | GFL (%)
1 10 90
1 GFL GFL GFM 2 50 50
3 90 10
1 10 90
2 GFL GFM GFM 2 50 50
3 90 10
1 10 90
3 GFM GFM GFM 2 50 50
3 90 10
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Active Power [kW]

Voltage [p.u.]
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Test Results

2000 1000
1800 BO0D
1600 [\-'_ 600 S
1400 :F:'-' 400 |/
1200 =
100 P 5 200
BOOD & L,__ E v .
600 g 200 ; ‘}vr _'“er-_ g l.U 12 14
400 400 .
200 600 10% GFM and 90% GFL represented
0 800 . . . .
2 4 6 8 10 12 14 1000 at distribution level (Scenarlo 2 /
Time [s] lime [s] SlmUIatlon 1)
Detailed feeder Aggregated mode Detailed feeder Aggregated model ° Events:
- e * 10% load increase at t = 4s
1.05 50.15
— — - s01 * 10% load decrease at t = 6s
! L
2o g >o®  Radial system creation at t = 10s
g 50 - -
0. ]
S L 4995 =—
0.85 499
0.8 29,85
& 1 7] ] 10 12 14 2 4 b 8 10 12 14
Time [s] Time [s]
Detailed feeder Aggregated mode Dietailed feader Aggregated model
[ The aggregate model response matches well with the detailed model response }

© 2022 Electric Power Research Institute, Inc. All rights reserved.

=2l



14

Test Results
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Test Results
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MEMBER OF EPRI, ANY COSPONSOR, THE ORGANIZATION(S) BELOW, NOR ANY PERSON ACTING ON BEHALF OF ANY OF THEM:
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