Modeling and Coordinating Distributed Energy
Resources in Power Systems and Markets

Final Project Report

M-42

Power Systems Engineering Research Center

Empowering Minds to Engineer
the Future Electric Energy System



Modeling and Coordinating Distributed Energy
Resources in Power Systems and Markets

Final Project Report

Project Team
Meng Wu, Project Leader
Vijay Vittal
Arizona State University

Alejandro Dominguez-Garcia
University of Illinois Urbana-Champaign

Graduate Students
Adriana Cisco Sullberg
Mohammad Mousavi
Arizona State University

Siddhartha Nigam
Temitope Amuda
University of Illinois Urbana-Champaign

PSERC Publication 22-02

October 2022



For information about this project, contact

Meng Wu

Arizona State University

School of Electrical, Computer, and Energy Engineering
P.O. BOX 875706

Tempe, AZ 85287-5706

Phone: 480-965-8706

Email: mwu@asu.edu

Power Systems Engineering Research Center

The Power Systems Engineering Research Center (PSERC) is a multi-university Center
conducting research on challenges facing the electric power industry and educating the next
generation of power engineers. More information about PSERC can be found at the Center’s
website: http://www.pserc.org.

For additional information, contact:

Power Systems Engineering Research Center
Arizona State University

527 Engineering Research Center

Tempe, Arizona 85287-5706

Phone: 480-965-1643

Fax: 480-727-2052

Notice Concerning Copyright Material

PSERC members are given permission to copy without fee all or part of this publication for internal
use if appropriate attribution is given to this document as the source material. This report is
available for downloading from the PSERC website.

© 2022 Arizona State University. All rights reserved.



Acknowledgments

This is the final report for the Power Systems Engineering Research Center (PSERC) research
project titled “Modeling and Coordinating Distributed Energy Resources in Power Systems and
Markets” (Project M-42).

The authors would like to thank all the industry advisors for their valuable feedback: Deepak
Ramasubramanian (EPRI), Bo Gong (SRP), Hung-Ming Chou (Dominion Energy), Bernardo
Orvananos (Centrica), Qiang Zhang (ISO-NE), Di Shi (GEIRI North America), Miaolei Shao
(GE), Yingchen Zhang (NREL), Jianzhong Tong (PIM), Aung Oo (CAISO), Yohan Sutjandra (The
Energy Authority).



Executive Summary

This project is motivated by the growing integration of distributed energy storage resources
(DERs) in the electric power systems. The massive DER integration brings significant voltage
stability challenges to the transmission and distribution systems, as well as wholesale market
challenges and opportunities to the independent system operators (ISOs) and DER aggregators.
This research focuses on three core areas: 1) mitigating fault induced delayed voltage recovery
(FIDVR) by using DERs and variable frequency drive (VFD) driven air conditioners; 2)
coordinating transmission and distribution operations for massive DER integration in the
wholesale electricity markets; and 3) DER coordination for frequency regulation service provision.

The research is presented in five chapters (Chapters 2-6).

Chapters 2-3 propose FIDVR mitigation techniques by using DERs and VFD driven air conditioners.
By properly modeling the VFD driven air conditioners, which is a relatively new technology in
residential air conditioning, in the composite dynamic load models, these chapters investigate
the impact of increasing VFD driven air conditioner penetration and DER penetration within a

large-scale power system on reducing the severity of FIDVR events.

Chapters 4-5 propose transmission and distribution coordination frameworks which enables the
wholesale market participation of massive DERs while ensuring secure operation of the distribution
grids. A non-profit distribution system operator (DSO) is adopted as the coordinator between
the wholesale market operation and the distribution grid operation. A parametric programming
approach and a two-stage stochastic programming approach are proposed for the DSO to coordinate
the wholesale market participation of aggregated DERs while satisfying the distribution grid

operating constraints.

Chapter 6 presents and implements the centralized and distributed methodologies which enable the
microgrids to coordinate multiple DERs in order to provide frequency regulation services to the
bulk power systems. Details on the controller hardware-in-the-loop (CHIL) testbed that is used to

test the centralized and distributed DER coordination approaches are presented in this chapter.
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