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The increasing demand for electricity and the integration of renewable energy sources
are driving the need for advanced power system technologies. Flexible AC
Transmission Systems (FACTS) play a crucial role in enhancing the efficiency,
reliability, and controllability of modern power grids. This article delves into the
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intricacies of FACTS modelling and control, exploring various aspects crucial for
understanding and optimizing their performance within complex power systems. We
will explore topics such as power flow control, voltage stability, and the application
of advanced control algorithms.

Introduction to Flexible AC Transmission Systems
(FACTS)

FACTS devices are power electronic-based systems that enhance the controllability and
flexibility of AC transmission systems. Unlike traditional transmission lines that offer
limited control, FACTS devices provide dynamic and precise control over various
parameters, including power flow, voltage, and phase angle. This enhanced control
capability enables improved power system stability, increased transmission capacity,
and enhanced integration of renewable energy sources. Key elements contributing to
the effectiveness of FACTS lie in sophisticated modelling techniques and the
implementation of advanced control strategies. Accurate modelling is crucial for
predicting system behaviour and ensuring the stable and reliable operation of these
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devices.

Benefits of FACTS Devices and their Modelling

FACTS devices offer a multitude of benefits to modern power systems:

e Enhanced Power Transfer Capability: FACTS controllers, like Thyristor
Controlled Series Compensators (TCSCs) and Static Synchronous Compensators
(STATCOMs), can increase the power transfer capacity of existing transmission
lines by dynamically adjusting impedance and reactive power injection. This
reduces congestion and improves grid utilization. Accurate modelling of these
devices is critical to predicting their impact on power flow and ensuring optimal
operation.

e Improved Voltage Stability: Voltage instability can lead to widespread
blackouts. FACTS devices, particularly STATCOMs and Static Synchronous Series
Compensators (SSSCs), effectively regulate voltage levels, enhancing system
stability and preventing voltage collapse. Modelling these functionalities allows
engineers to assess the effectiveness of FACTS in maintaining voltage stability
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under various operating conditions.

Increased System Reliability: By improving transient stability and mitigating
the impact of faults, FACTS devices enhance the overall reliability of the power
system. Sophisticated models are needed to accurately simulate fault conditions
and assess the performance of FACTS under these stressful situations.
Improved Power Quality: FACTS controllers contribute to better power quality
by mitigating voltage fluctuations and harmonic distortions.

Facilitating Renewable Energy Integration: The intermittent nature of
renewable energy sources, such as solar and wind, poses challenges to grid
stability. FACTS devices play a critical role in integrating these sources smoothly
by controlling power flow and voltage. This is particularly relevant for power
system stability analysis where detailed models are essential.

Modelling Techniques for FACTS Devices

Accurate modelling of FACTS devices is critical for planning, operation, and control of
power systems. Various modelling techniques are employed, ranging from simplified
models suitable for preliminary studies to detailed models that capture the intricacies

Flexible Ac Transmission Systems Modelling And Control Power Systems
4



Flexible Ac Transmission Systems Modelling And Control Power Systems

of the device's operation. These include:

e Simplified Models: These models use simplified equations to represent the key
characteristics of FACTS devices. They are computationally efficient but might
lack the precision of more detailed models. These are often used in initial power
flow control studies.

e Detailed Models: These models incorporate the detailed dynamics of the power
electronic components and control systems of FACTS devices. They offer high
accuracy but require significant computational resources. They are used for
stability studies and detailed simulations.

o State-Space Models: These mathematical representations describe the
system's behaviour using state variables and their derivatives. They are
particularly useful for designing and analyzing advanced control algorithms.

* Electromagnetic Transient (EMT) Models: These models are used for
detailed simulations of fast transients in the power system, including the effects
of switching and faults. These models often require specialized simulation
software.
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The choice of model depends on the specific application and the desired level of
accuracy. For instance, simplified models are suitable for preliminary studies of power
flow, whereas detailed models are necessary for dynamic stability analysis and control
system design.

Control Strategies for FACTS Devices

Effective control strategies are essential to realize the full potential of FACTS devices.
Various control techniques are employed, including:

* Proportional-Integral-Derivative (PID) Control: This is a widely used
classical control technique that provides relatively simple and effective control of
FACTS devices.

¢ Advanced Control Techniques: These include model predictive control (MPC),
robust control, and adaptive control, which offer improved performance
compared to classical PID control, especially in the presence of uncertainties and
disturbances. These advanced methods leverage the detailed models described
earlier.
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 Hierarchical Control: This approach involves multiple layers of control, with
each layer responsible for a specific aspect of the system's operation. This allows
for a more efficient and robust control strategy.

The selection of the control strategy depends on the specific application and the
desired performance characteristics. Modern trends favour adaptive and predictive
control algorithms due to their superior ability to handle the uncertainties inherent in
complex power systems.

Conclusion: The Future of FACTS Modelling and
Control

Flexible AC Transmission Systems (FACTS) are essential components of modern power
systems, offering substantial advantages in terms of power transfer capacity, voltage
stability, and reliability. Accurate modelling and the implementation of sophisticated
control strategies are crucial to realizing the full potential of FACTS. As the complexity
of power systems continues to grow with increased penetration of renewable energy
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sources, ongoing research and development in FACTS modelling and control are
essential. Future work will focus on improving the accuracy and efficiency of models,
developing more robust and adaptive control strategies, and integrating FACTS devices
seamlessly into smart grids.

FAQ
Q1: What is the difference between a TCSC and a STATCOM?

Al: A Thyristor Controlled Series Compensator (TCSC) is a series-connected FACTS
device that controls the impedance of a transmission line, primarily affecting power
flow. A Static Synchronous Compensator (STATCOM) is a shunt-connected device that
injects or absorbs reactive power, primarily affecting voltage control. Both achieve
power flow and voltage regulation but through different mechanisms.

Q2: How do FACTS devices improve transient stability?

A2: During system faults, FACTS devices can rapidly respond to changes in voltage and
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power flow, damping oscillations and preventing cascading failures. For example, a
STATCOM can quickly inject reactive power to support voltage, while a TCSC can adjust
the line impedance to maintain power flow.

Q3: What are the challenges in modelling FACTS devices?

A3: Challenges include accurately representing the complex non-linear behaviour of
power electronic components, considering the interactions between multiple FACTS
devices and the rest of the power system, and managing the computational burden of
detailed models.

Q4: What is the role of FACTS in renewable energy integration?

A4: FACTS devices provide crucial support for the integration of renewable energy
sources by managing power fluctuations and ensuring voltage stability. They enhance
the grid's ability to handle the intermittent nature of renewable generation.

Q5: What are some emerging trends in FACTS control?
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A5: Emerging trends include the use of advanced control algorithms like model
predictive control (MPC) and artificial intelligence (Al)-based control strategies for
improved performance and adaptability. Furthermore, the development of wider
bandgap semiconductor devices promises even faster switching speeds and improved
efficiency.

Q6: What software is commonly used for FACTS modelling and simulation?

AG6: Popular software packages include PSCAD, MATLAB/Simulink, and PowerWorld
Simulator. These tools provide various modelling capabilities, ranging from simplified to
detailed representations of FACTS devices and power systems.

Q7: How does the cost of FACTS devices compare to other grid enhancement
methods?

A7: FACTS devices typically involve higher initial capital costs compared to traditional
methods, but the long-term benefits in terms of increased transmission capacity,
improved reliability, and reduced power losses can outweigh the initial investment.
Life-cycle cost analysis is crucial for proper evaluation.
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Q8: What are the environmental impacts of FACTS devices?

A8: FACTS devices themselves have a relatively small environmental impact compared
to the benefits they provide in terms of grid efficiency and enabling greater renewable
energy penetration, reducing reliance on fossil fuel-based generation. However, the
manufacturing and disposal of power electronic components need to be considered in a
full life-cycle assessment.

Flexible AC Transmission Systems: Modelling and
Control in Power Systems - A Deep Dive

The electricity grid is the cornerstone of modern community. As our need for
dependable energy persists to grow exponentially, the hurdles faced by energy system
administrators become increasingly intricate . This is where Flexible AC Transmission
Systems (FACTS) step in, offering a powerful tool to improve control and augment the
productivity of our conveyance systems. This article will examine the vital components
of FACTS representation and control within the context of electricity systems .
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### Understanding the Role of FACTS Devices

FACTS units are electricity digital equipment designed to responsively control diverse
factors of the delivery system . Unlike established methods that rely on static parts,
FACTS devices dynamically impact electricity transmission, electrical pressure
magnitudes , and angle variations between different locations in the network .

Some of the most common FACTS devices include :

e Thyristor-Controlled Series Capacitors (TCSCs): These units alter the
reactance of a conveyance line , enabling for control of power transmission.

e Static Synchronous Compensators (STATCOMs): These units provide
capacitive power support , aiding to maintain electrical pressure steadiness .

e Unified Power Flow Controller (UPFC): This is a more sophisticated device
capable of at once managing both active and capacitive power flow .

### Modeling FACTS Devices in Power Systems
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Accurate representation of FACTS devices is vital for effective control and development
of electricity systems . Diverse simulations exist, ranging from simplified estimations to
highly complex depictions . The option of representation rests on the particular
implementation and the extent of accuracy needed .

Common representation methods encompass:

e Equivalent Circuit Models: These simulations represent the FACTS unit using
basic equivalent systems. While less exact than more complex simulations , they
offer computational productivity.

» Detailed State-Space Models: These representations capture the dynamic
behavior of the FACTS unit in more specificity . They are frequently employed for
regulation development and consistency examination .

* Nonlinear Models: Precise modeling of FACTS units demands curvilinear
representations because of the non-straight characteristics of electricity digital
components .

Flexible Ac Transmission Systems Modelling And Control Power Systems
13



Flexible Ac Transmission Systems Modelling And Control Power Systems

#4#4# Control Strategies for FACTS Devices

Efficient regulation of FACTS devices is essential for enhancing their performance .
Sundry regulation strategies have been engineered , every with its own advantages
and drawbacks .

Common management strategies comprise :

» Voltage Control: Maintaining potential stability is frequently a principal aim of
FACTS unit management. Diverse procedures can be employed to regulate
potential at sundry locations in the system.

e Power Flow Control: FACTS devices can be employed to manage electricity
transmission between different zones of the grid . This can aid to enhance energy
transmission and better grid productivity.

 Oscillation Damping: FACTS devices can assist to subdue sluggish-frequency
vibrations in the power grid. This betters grid consistency and averts power
outages .
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### Conclusion

Flexible AC Transmission Systems represent a considerable progression in energy
system engineering . Their ability to dynamically manage diverse parameters of the
conveyance system presents several benefits , encompassing improved effectiveness ,
enhanced stability , and boosted power. However, effective implementation demands
accurate representation and complex control approaches. Further research and
creation in this field are essential to completely achieve the capability of FACTS units in
forming the future of power grids.

### Frequently Asked Questions (FAQ)
Q1: What are the main challenges in modeling FACTS devices?

Al: The main difficulties include the intrinsic nonlinearity of FACTS components, the
intricacy of their regulation networks , and the demand for instantaneous
representation for effective governance development .

Q2: What are the future trends in FACTS technology?
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A2: Future tendencies comprise the evolution of more efficient electricity electronic
units , the integration of FACTS units with sustainable power wells, and the use of
advanced regulation methods based on synthetic intelligence .

Q3: How do FACTS devices improve power system stability?

A3: FACTS devices better power system steadiness by swiftly responding to changes in
grid situations and responsively controlling potential , electricity flow , and quelling
fluctuations .

Q4: What is the impact of FACTS devices on power system economics?

A4: FACTS units can improve the monetary effectiveness of electricity grids by
boosting delivery power, reducing conveyance losses , and delaying the demand for
novel conveyance conductors .
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