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Abstract

Flexible AC Transmission Systems (FACTS) and Battery Energy Storage Systems (BESS) for
Future Power Systems

Keywords: FACTS, BESS, STATCOM, SVC, UPFC, power system stability, renewable
energy integration, voltage control, frequency regulation, DIgSILENT PowerFactoryThe rapid
expansion of renewable energy sources, primarily wind and solar, is fundamentally transforming
modern power systems. As instantaneous renewable penetration reaches 40 to 70%, conventional
grids face unprecedented challenges: declining system inertia, degraded voltage profiles, and
heightened risk of frequency deviations. Traditional control tools are increasingly inadequate,
creating an urgent need for advanced technological solutions.

This dissertation investigates the technical effectiveness of combining Flexible AC
Transmission Systems (FACTS) and Battery Energy Storage Systems (BESS) in high-renewable
power networks. While both technologies are individually well-studied, their coordinated
deployment and joint optimization remain comparatively underexplored — a gap that this
research directly addresses.

The research is conducted using the DIgSILENT PowerFactory simulation platform, with a
modified IEEE 39-bus system as the test network. The model incorporates integrated wind and
solar generation at varying penetration levels, lithium-ion BESS models with State of Charge
(SOC) dynamics, and FACTS devices including SVC, STATCOM, TCSC, and UPFC, placed at
strategically selected nodes. Five distinct scenarios (S1 to S5) are analyzed, progressing from a
conventional base case to a fully integrated FACTS-BESS hybrid system. Contingency testing
encompasses largest wind farm outages, largest synvhronous generator trips, low availability of
wind solar generation output and three-phase faults to assess system resilience under extreme
conditions.

The key findings confirm that FACTS devices significantly improve voltage profiles and
extend voltage stability margins, with STATCOM demonstrating superior transient performance
compared to SVC. BESS emerges as the dominant technology for frequency stability in low-inertia
systems, substantially reducing the Rate of Change of Frequency (RoCoF) during disturbances.
More importantly, the combined FACTS and BESS deployment (Scenario S4) outperformed all
individual technology configurations across every measured metric, providing simultaneous
voltage support and active power injection. During contingency events, UPFC effectively
redirected power flows to prevent N-1 violations, while BESS compensated for sudden generation
losses within milliseconds and STATCOM ensured dynamic voltage support, preventing higher
voltage drops by increasing the stability margin.

From a scientific novelty perspective, the dissertation makes four principal contributions:
(1) a thorough, coordinated analysis of simultaneous FACTS and BESS optimization for real-time
voltage and active power control; (2) the development of a unified hybrid simulation model
integrating both technologies within a single analytical framework; (3) evaluation of FACTS and
BESS impact on grid behavior during prolonged periods of low wind and solar generation; and (4)
the formulation of a hierarchical coordinated control strategy for the hybrid system.

The practical implications of these findings are importnat primaruly for the transmission
system operators, that should treat FACTS and BESS hybrids as a primary instrument for grid
reinforcement in renewable-heavy regions. Regulatory frameworks must evolve to allow full
recovery of the ancillary service value delivered by these technologies. The research confirms that
these are no longer experimental concepts but economically justified solutions ready for broad
implementation. Future work should focus on hardware-in-the-loop (HIL) validation and pilot
project deployment to confirm simulation results under real operational conditions.
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