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Abstract:

In the face of the transition of power grids towards renewable energy sources-based structures and the
increase in the density of nonlinear loads, maintaining dynamic stability and voltage profile has
become one of the main operational challenges. Static synchronous compensators (STATCOMsS), as
one of the most efficient devices in flexible alternating current transmission systems (FACTSS), play a
key role in voltage support and transient response improvement. However, despite their widespread
use, the quantitative and systematic evaluation of the dynamic performance of these devices in modern
complex networks remains a challenge. Most of the existing studies have focused on the design of
control strategies, and the lack of a reference framework for defining and analyzing tangible
operational indicators makes it difficult to compare the effectiveness and evaluate the actual
performance of STATCOMs. Aiming to fill this gap, the present paper provides a comprehensive
review of the dynamic analysis of STATCOM-equipped power systems with a special emphasis on
operational indicators. This study classifies and analyzes the evaluation indicators into four main
categories: (1) voltage stability indicators (including recovery time, voltage dip depth, and stability
margin), (2) reactive power performance indicators (response rate, converter saturation, and capacity
utilization), (3) electromechanical oscillation damping indicators, and (4) power quality and harmonics
indicators. This paper analyzes the relationship between control structures (such as conventional Pl
controls, advanced adaptive controls, and virtual synchronous generator (VSG)-based controls) and
utilization indicators, and analyzes how network variables affect the transient response of the
equipment. The findings of this study provide a quantitative and practical basis for operation experts
and power system designers to evaluate the performance of STATCOMSs under different network
conditions and optimize their control strategies to increase system reliability and stability using the
proposed criteria.
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Figure 1. Conceptual framework of the transition from traditional centralized power systems to modern intelligent decentralized networks
and the resulting operational challenges.
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Figure 2. Complete schematic of the structure and control of the static synchronous compensator
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Figure 3. Complete block diagram of static synchronous compensator control in a two-axis synchronous framework.
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Figure 4. Configuration of parallel connection of the compensator to the critical bus and comparison of the bus
voltage time response under transient fault conditions in two cases with and without the presence of the
compensator.
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Figure 5. Schematic of parallel connection of static synchronous compensator to the power system and analysis of its effect on improving the
voltage stability margin of the voltage curve in terms of active power.
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Table 2. Comparison of performance of reactive power compensation equipment
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Table 3. Main indicators for evaluating the dynamic stability of a system equipped with a static synchronous compensator
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Table 4. Qualitative comparison of dynamic stability in different compensation modes
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Table 5. Qualitative comparison of the effect of different compensation methods on power quality indicators
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Figure 6. Conceptual representation of the role of static synchronous compensator in improving power quality indicators, including voltage
flicker reduction, total harmonic distortion reduction, voltage unbalance compensation, and modulation of sudden power changes at the
common connection point.
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Figure (1): Structure of operational and economic indicators related to the installation of static synchronous compensators and its role in
improving the technical-economic performance of the power grid.
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Table 6. Qualitative comparison of the effects of different compensation options on operational and economic indicators
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Table 7. Analytical comparison of the performance of various control structures in systems equipped with static synchronous compensators.
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Figure 8. Conceptual diagram of the multi-criteria evaluation process of static synchronous compensator performance in power systems with
a comprehensive optimization approach.
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