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Background

• Ubiquitous power-electronics 

revealed a future power grid 

with high penetration of solar, 

wind, DERs, and various types 

of grid-tied energy storage and 

emerging loads; there are 

abundant power electronics 

components supporting critical 

functions and societal services 

in Microgrid, Distribution, and 

Transmission Systems. 

Motivation

• Going forward, emerging artificial intelligence and deep integration of 

information technologies (IT) and operational technologies (OT), e.g., 

with the deep deployment of the fifth-generation communication (5G) 

technologies, may inspire new perspectives and pathways to support 

developments of PE theory, modeling, lab-based testing and validation, 

and real-world implementation and demonstrations.

Conclusion

• We presented PNNL’s power electronics R&D capabilities and state-of-the-art 
facilities/testbeds, supporting innovation & collaboration in the grid modernization 
and reliable grid integration of renewable energy and energy storage.

• IT and OT integration enables the grid interoperability and controller coordination, 
a power electronics focused grid architecture may show the pathway forward.

Highlights

• We present PNNL’s research work funded by U.S. Department of Energy, 

some of the highlights include research outcomes and collaborations on 

power electronics from:

• DOE SC/ASCR 5G Energy FRAME project [1], 

• DOE OE/AGM Wide-area Oscillation project [2], 

• and PNNL’s research facilities and labs [3].

PNNL 5G Energy FRAME funded by DOE SC/ASCR

• 5G Energy FRAME project utilizes PNNL 5G hardware 

testbed to break data silos, bridge edge computing 

resources, and enhance the energy infrastructure 

asset management by cohesive data integration & 

intelligent analytics (e.g., detection & protection).

[1] https://www.pnnl.gov/projects/5g-energy-frame [2] https://www.pnnl.gov/projects/wide-area-

oscillation-assessment-and-trending-analysis 

[3] https://www.pnnl.gov/electricity-infrastructure-

buildings-division-facilities 

PNNL Wide-area Oscillation Study funded by DOE OE/AGM

• PNNL has decades of domain expertise in 

     wide-area low-frequency grid oscillation studies, 

     with both modeling and data-driven methods.

• Inter-area oscillation mode (low damping) cause wide-area oscillations!!!

• State-of-the-art Power Electronics Modeling and future planning scenario are 

critical for the grid reliability and stability, with the accelerated grid transition 

trends in Prosumers, Microgrids, Distribution, and Transmission Systems.
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Grid Forming REGFM_A1 Model

• Voltage source representation
• P-f and Q-V droop
• Steady state power limit
• Transient current limiting 

function

Credit: Dmitry Kosterev, BPA
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• Voltage control, P-f droop
• Reactive power set point control
• P/Q priority current limiting
• High/low voltage current 

regulation

New Trends in Oscillation Modes Considering T&D&DER

• Transmission system models varying penetration levels and mixture of 

GFL/GFM(_A1,_B1)/HPP; distribution system models feeders and DERs, 

independent studies also analyzed T&D co-sim for protection schemes.

• New and/or changed inter-area oscillation mode(s) center around hydro 

generation clusters in PNW when fossil-fuel fleet is being retired!!!

• More study results, reports, publications are available for sharing.

• Interoperability and controller coordination, among prosumers, microgrids, 

distribution, and transmission systems are key to grid stability and reliability.

PNNL Research Facilities and Labs

PNNL AWC LAB

PNNL Energy Storage R&D Lab

PNNL Electricity Infrastructure Operations Center
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