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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 
reflect those of the United States Government or any agency thereof
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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. 

Keywords
 Droop Control 
 Grid Forming Inverter
 Phase Locked Loop
 Virtual Oscillator
 Virtual Synchronous Machine

0



© 2022 Electric Power Research Institute, Inc. All rights reserved.5

“A Scalable Control Architecture for 100% PV Penetration 
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Generic Positive Sequence GFM Inverter Dynamic 
Model 
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GFM Renewable Generator/Converter Model

The model represents 4 types of GFM controls 
1. Droop based GFM
2. Virtual Synchronous Machine (VSM) based GFM
3. Dispatchable Virtual Oscillator (dVOC) based GFM
4. Phase Locked Loop (PLL) based GFM

0



© 2022 Electric Power Research Institute, Inc. All rights reserved.8

GFM Renewable Electrical Control Model
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GFM Model Comparison - Positive Sequence vs EMT
Load Events

Line Trip and Fault Events

100% IBR IEEE 14 Bus System

Good match between the generic +seq 
and EMT GFM inverter models 0
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Aggregate Positive Sequence Distribution Feeder 
Dynamic Model with a Mix of GFL & GFM Inverters 
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Test System

Transmission 
network with all 
three sources 
being inverters

Distribution network with 
voltage levels: 0.4 kV, 10kV, 
30 kV. Includes 365 DERs, 
mix of grid following (GFL) 
and grid forming (GFM) 
inverters

Detailed distribution feeder at bus 4 replaced with 
aggregate models
1. An equivalent feeder and transformer
2. An aggregate load model
3. Two aggregate DER models 

a) GFL DER using DER_A model 
b) GFM DER0
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Test Scenarios
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Test Results

10% GFM and 90% GFL represented 
at distribution level (Scenario 2 / 
Simulation 1)
• Events:

• 10% load increase at t = 4s
• 10% load decrease at t = 6s
• Radial system creation at t = 10s

The aggregate model response matches well with the detailed model response 0
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Test Results

90% GFM and 10% GFL represented 
at distribution level (Scenario 2 / 
Simulation 3)
• Events:

• 10% load increase at t = 4s
• 10% load decrease at t = 6s
• Radial system creation at t = 10s

The aggregate model response matches well with the detailed model response 0
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Test Results

90% GFM and 10% GFL represented 
at distribution level (Scenario 2 / 
Simulation 3)
• Events:

• Three-phase fault at t = 7s

The aggregate model response matches well with the detailed model response 0
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Disclaimer of Warranties and Limitation of Liabilities
THIS DOCUMENT WAS PREPARED BY THE ORGANIZATION(S) NAMED BELOW AS AN ACCOUNT OF WORK SPONSORED OR COSPONSORED BY THE ELECTRIC POWER RESEARCH INSTITUTE, INC. (EPRI). NEITHER EPRI, ANY 
MEMBER OF EPRI, ANY COSPONSOR, THE ORGANIZATION(S) BELOW, NOR ANY PERSON ACTING ON BEHALF OF ANY OF THEM:
(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (I) WITH RESPECT TO THE USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN THIS
DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, OR (II) THAT SUCH USE DOES NOT INFRINGE ON OR INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PARTY'S
INTELLECTUAL PROPERTY, OR (III) THAT THIS DOCUMENT IS SUITABLE TO ANY PARTICULAR USER'S CIRCUMSTANCE; OR
(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER (INCLUDING ANY CONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF THIS DOCUMENT OR ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN THIS DOCUMENT.
REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, PROCESS, OR SERVICE BY ITS TRADE NAME, TRADEMARK, MANUFACTURER, OR OTHERWISE, DOES NOT NECESSARILY CONSTITUTE OR IMPLY ITS 
ENDORSEMENT, RECOMMENDATION, OR FAVORING BY EPRI. 
THE ELECTRIC POWER RESEARCH INSTITUTE (EPRI) PREPARED THIS REPORT.

NOTE
For further information about EPRI, call the EPRI Customer Assistance Center at 800.313.3774 or e-mail askepri@epri.com.
© 2022 Electric Power Research Institute (EPRI), Inc. All rights reserved. Electric Power Research Institute, EPRI, and TOGETHER…SHAPING THE FUTURE OF ENERGY are registered marks of the Electric Power Research 
Institute, Inc. in the U.S. and worldwide.
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EPRI
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Export Control Restrictions

Access to and use of this EPRI product is granted with the specific understanding and
requirement that responsibility for ensuring full compliance with all applicable U.S. and foreign
export laws and regulations

is being undertaken by you and your company. This includes an obligation to ensure that any individual
receiving access hereunder who is not a U.S. citizen or U.S. permanent resident is permitted access under
applicable U.S. and foreign export laws and regulations.

In the event you are uncertain whether you or your company may lawfully obtain access to this EPRI
product, you acknowledge that it is your obligation to consult with your company’s legal counsel to
determine whether this access is lawful. Although EPRI may make available on a case by case basis an
informal assessment of the applicable U.S. export classification for specific EPRI products, you and your
company acknowledge that this assessment is solely for informational purposes and not for reliance
purposes.

Your obligations regarding U.S. export control requirements apply during and after you and your company’s
engagement with EPRI. To be clear, the obligations continue after your retirement or other departure from
your company, and include any knowledge retained after gaining access to EPRI products.

You and your company understand and acknowledge your obligations to make a prompt report to EPRI and
the appropriate authorities regarding any access to or use of this EPRI product hereunder that may be in
violation of applicable U.S. or foreign export laws or regulations.

About EPRI
Founded in 1972, EPRI is the world's preeminent independent, non-profit
energy research and development organization, with offices around the
world. EPRI's trusted experts collaborate with more than 450 companies in
45 countries, driving innovation to ensure the public has clean, safe,
reliable, affordable, and equitable access to electricity across the globe.
Together, we are shaping the future of energy.

© 2022 Electric Power Research Institute (EPRI), Inc. All rights reserved. Electric Power Research Institute, 
EPRI, and TOGETHER…SHAPING THE FUTURE OF ENERGY are registered marks of the Electric Power 
Research Institute, Inc. in the U.S. and worldwide.

3002024640

0


	A Scalable Control Architecture for 100% PV Penetration with Grid Forming Inverters – 2022 Update
	Acknowledgments
	Disclaimer
	Abstract
	“A Scalable Control Architecture for 100% PV Penetration with Grid Forming Inverters”
	Generic Positive Sequence GFM Inverter Dynamic Model 
	GFM Renewable Generator/Converter Model
	GFM Renewable Electrical Control Model
	GFM Model Comparison - Positive Sequence vs EMT
	Aggregate Positive Sequence Distribution Feeder Dynamic Model with a Mix of GFL & GFM Inverters 
	Test System
	Test Scenarios
	Test Results
	Test Results
	Test Results
	Slide Number 16
	Slide Number 17



