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Executive Summary

This project focused on temporary overvoltage in IBR dominated power grids. The summary of
the studies are as follows:

Part 1: Temporary overvoltage In IBRs Connected Power Systems
Part | of this project was focused on temporary overvoltages in IBRs connected power grids and
the factors affecting the values of TOVs. The main results of the projects are as follows:

The strength of the system is one of indicators that can be used to identify the possible
vulnerable areas to TOVs. Accordingly, a variety of grid strength indicators were studied, and
their advantages and limitations are discussed in this report.

The impact of delays in the control loops and protection logics of IBRs on TOV were studies
and time domain simulations were performed to demonstrate the impacts numerically.
Impacts of different factors such as bandwidth of PLLs and changes in the grid strength were
studies and the results are reported and discussed.

Different factors affecting the TOV in IBR connected were studies using analytical methods
such as state space analysis, Bode plots, and Generalized Nyquist Criterion.

Time domain simulations were performed to demonstrate the impacts of the identified factors
on the TOVs.

The outcome of the studies can be used for tuning of the controllers and site location of IBRs
to reduce the TOV impacts.

Part 2: Temporary overvoltage Analysis

The Georgia Tech effort for this project has been focused on the following three parts of the
study. (1) Proper representation of inverter-based resources in dynamic studies, (2) Conducting
temporary overvoltage parametric studies, and (3) Studying the effects of temporary transients
on the performance of the system.

This report aims to understand the causes of overvoltage when Inverter-Based Resources (IBR)
are suddenly connected or disconnected from the grid. It explores the extent to which
overvoltage are expected to occur and examines the implications for existing legacy protection
schemes using real-life test cases. The report begins by introducing the problem statement and
providing examples of real-life incidents that occurred in Germany and Greece due to IBR
triggered overvoltages and other transients. The report provides explanations why this work is
crucial for determining the optimal design and positioning of new IBR projects to minimize
overvoltages in the grid.

In the second section, the report investigates the proper way to represent an IBR for the purpose
of properly predicting overvoltages and other dynamic transients. It justifies the need for
proper reorientation in moideling these systems and discusses previous work on modeling
IBRs. It highlights the importance of establishing a model that is efficient in terms of hardware
resources and time, providing real-time data for field operations. This is especially important
when dealing with protection schemes that need to operate within a few cycles. A mathematical
model for developing a high-fidelity representation of IBRs is presented.



The third section introduces a real-life test system subject to the requirements outlined earlier.
A detailed test case system is provided, covering all components from the generators and
collector substation to the distribution network hosting the IBRs. The example test system
includes several PV farms.

In the fourth section, the report presents simulation results for selected events. It summarizes
the percentage deviations of overvoltages for each of the three PV farms in the example test
system and provides potential remedial actions to reduce overvoltage levels. The remedial
actions help prevent physical damage to components and reduce the likelihood of false tripping
in legacy protection schemes.

Finally, the fifth section discusses the effects of temporary transients on system performance.
A case study of an actual event on the Greek island of Rhodes is included. The sequence of
events is modeled and simulated using a high-fidelity approach, incorporating mitigation and
detection schemes, such as estimation-based protection, to avoid unnecessary generator
tripping when IBR resources are suddenly generating transients that affect operation of IBRs
and legacy power system components.
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