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Tutorial 2: Harnessing and Monetizing the Residual Capacities of Community IBRs for
Coordinated Power Quality Management

The rapid proliferation of inverter-based resources (IBRs) in distribution systems has fundamentally transformed both the physical and economic landscape of power quality
management. Traditionally, voltage quality issues such as voltage unbalance (VU) have been mitigated through dedicated compensation devices, which incur significant
capital and operational costs. Recent research demonstrates that substantial residual capacity exists within community IBRs—capacity that remains underutilized during
normal operation. Leveraging this latent flexibility enables a paradigm shift from hardware-intensive solutions toward software-defined, coordinated control strategies. In
particular, network-wide optimization frameworks can unlock this residual capacity to mitigate power quality issues effectively, while respecting inverter constraints such
as current limits and apparent power boundaries.

This tutorial presents a comprehensive framework for harnessing and monetizing the residual capacities of community inverter-based resources (IBRs) for coordinated
power quality management in modern distribution systems. It first introduces network-level optimization methods that exploit unused inverter capacity to mitigate voltage
quality issues such as voltage unbalance, while satisfying operational constraints. It then addresses dynamic performance challenges by presenting advanced current
trajectory optimization techniques that ensure fast and stable control without exciting oscillatory modes. Finally, the tutorial explores market-based mechanisms, including
Stackelberg game models, to enable economically efficient pricing and participation of distributed resources in voltage quality services. By integrating control, optimization,
and economic coordination, this tutorial provides a holistic pathway for transforming latent IBR flexibility into both technical and financial value in future power systems.
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Publication
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~Full Paper (No less than 4 pages normally, 10 pages maximum. 5-6 pages are
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