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Abstract: The Distribution Static Compensator (DSTATCOM), a versatile power electronics device used for
reactive power compensation and power quality improvement in distribution networks. The study begins with
an overview of the fundamental operating principles, system architecture, and key components of
DSTATCOM. This paper explores diverse applications of DSTATCOM in mitigating power quality issues
such as voltage sag, harmonic distortion, and flicker, with a focus on its integration into renewable energy
systems. This paper also delves into advancements in control strategies and Emerging trends. This review
aims to serve as a resource for researchers, engineers, and policymakers, fostering innovation and adoption of
DSTATCOM technology to address the growing demands of modern power systems.

Index Terms - Distribution Static Compensator (DSTATCOM), Control strategies, Total Harmonic
Distortion (THD) Reduction, Voltage Regulation, Renewable Energy Integration, Economic and
operational challenges, Future Directions.

The increasing complexity of modern electrical systems necessitates advanced solutions for maintaining
and enhancing power quality. Distribution Static Synchronous Compensators (DSTATCOMs) have emerged
as a pivotal technology in addressing issues related to voltage regulation, harmonic mitigation, and reactive
power compensation at the distribution level. Unlike traditional reactive power compensators that rely on large
passive components, DSTATCOMs employ sophisticated power electronic devices, offering greater flexibility
and dynamic response.
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fig-1 single line diagram of DSTATCOM
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The role of DSTATCOM in mitigating power disturbances and ensuring stable voltage profiles in electrical
networks, especially under varying load conditions and that can impair system performance and customer
satisfaction are discussed in [14]. The discussion integrates insights from foundational theories, including the
instantaneous reactive power concept, and explores practical implementations and experimental validations.
DSTATCOMs have emerged as a sophisticated and flexible technology for dynamic power quality
improvement. Operating as active filters, DSTATCOMSs utilize solid-state devices to provide real-time
compensation for harmonics, reactive power, voltage regulation, and load balancing [15]. Unlike traditional
approaches, DSTATCOMs offer the advantage of adaptability to varying load conditions, ensuring effective
mitigation of power quality disturbances in distribution networks.

DSTATCOMs are part of the family of Flexible AC Transmission Systems (FACTS) and are known for
their fast response and versatile functionality in mitigating power quality issues at the distribution level [16].
By leveraging power electronics, these devices address challenges such as flicker, sags, swells, and harmonics,
ensuring a stable and efficient operation of electrical networks. [13] provides an overview of DSTATCOMs,
focusing on their operational principles, control methodologies, and applications in improving power quality,
highlights the theoretical modeling and control strategies for STATCOMs, with a particular emphasis on
voltage regulation and system stability.[11] provide a comprehensive examination of reactive power
compensation methods, including the pivotal role of DSTATCOMs. Their study highlights the technological
advancements that have made DSTATCOMSs a cornerstone in the quest to address various power quality issues
and other disturbances.

DSTATCOM is a crucial device for maintaining voltage stability and improving power quality in
distribution systems. Effective control strategies for DSTATCOM are essential for optimizing its performance.
The choice of control strategy depends on system requirements, including performance, complexity, and real-
time adaptability [4]. Robust control strategies are essential for maximizing the operational benefits of
DSTATCOM, ensuring better voltage stability, power quality, and overall system performance in modern
distribution networks.

The p-q theory for instantaneous reactive power compensation is a widely used method for controlling
active filters which
is crucial for designing and controlling DSTATCOMs [14]. This theory is based on the decomposition of the
instantaneous power into real power (active power) and reactive power, thus enabling precise control of the
compensation process. To deal with instantaneous voltages and currents in three phase circuits it is adequate
to express their quantities as the instantaneous space vectors as shown in Fig-2. Fig-3 shows the instantaneous
space vectors on the a-f coordinates. By using this theory, the DSTATCOM can distinguish between active
and reactive power components and correct the reactive power flow by injecting or absorbing current through
a series of switching devices, such as voltage source inverters (VSI).
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fig-2 a-B coordinates Transformation
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fig-3 Instantaneous space vector

In this method, the VSC controller is designed to operate in a rotating reference frame, which simplifies
the extraction of
harmonic currents and reactive power components [15]. The control strategy Involves using a phase-locked
loop (PLL) to synchronize the filter's operation with the system's fundamental frequency, which helps in
achieving accurate compensation for harmonics and reactive power.

These methods involve real-time feedback to adjust the VSC's output based on the measured system
conditions [15]-[9]. This allows for continuous correction and adaptation to varying load conditions, ensuring
that the VSC can mitigate power quality issues dynamically.

DCC methods control the VSC to maintain a specific current waveform by directly controlling the
output current, ensuring
that harmonic distortion is minimized [15]-[6]. These methods can be implemented using various algorithms,
including proportionalintegral (PI) controllers or more advanced techniques such as sliding-mode control.

DSTATCOM is a power electronic device used in electrical distribution systems to improve power
quality by providing
dynamic reactive power compensation. One of its significant roles is in reducing Total Harmonic Distortion
(THD), which is a measure of the harmonic distortion present in a power system [7].

DSTATCOM is designed to minimize harmonic currents at the point of common coupling (PCC) and
grid side caused by
nonlinear loads like UPS systems, switched-mode power supplies, and other electronic devices [5]. It achieves
this through precise control of current injection and harmonic cancellation.
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«  Voltage Source Converter (VSC): The core component of DSTATCOM, which uses a DC capacitor and
inverter to inject compensating currents. This inverter output is connected to a filter that reduces
harmonics at the PCC.

«  Control Strategies: Advanced control techniques like Second-Order Sliding Mode Control (SOSMC)
are used to generate accurate compensating signals to counteract harmonics.

Using DSTATCOM with SOSMC resulted in significant reductions in THD compared to conventional
Proportional-Integral (PI) controllers:

table-1 the output compensated source current THD’s for three phases

100% of load 200% of load
Pl SOSMC Pl SOSMC
6.47 0.85 9.18 047
6.43 0.84 934 0.45
6.45 0.85 925 047

« At 100% load, the THD reduced from 6.4% (PI controller) to 0.84% (SOSMC).
« At 200% load, the THD dropped from 9.18% (PI controller) to 0.47% (SOSMC).

DSTATCOMs provide reactive power compensation and help maintain voltage stability under varying
load conditions.

Dynamic voltage regulation ensures that voltage levels remain stable and consistent despite variations

due to fluctuating
loads, such as arc furnaces or wind generation systems. It is critical for mitigating voltage flicker and transients
in the system [11]. DSTATCOMs are used due to their high bandwidth and ability to supply or absorb reactive
power instantaneously. The device regulates the load voltage by acting as a concurrently to ensure stability.
The modeling in [13] leverages coordinate transformations commonly used in the control of three-phase AC
machines. These transformations simplify the system to deal with DC quantities rather than sinusoidal
variables. This representation allows a precise and instantaneous depiction of the load bus voltage and the
DSTATCOM's reactive current [ 10]. Dynamic voltage regulation is the compensation for transient loads, such
as arc furnaces or motor starts.

Designed to address the system's nonminimum phase nature and ensure rapid dynamic response. A

system exhibits
nonminimum phase behavior when an increase in the control input initially causes the system output to move
in the opposite direction before eventually settling in the desired direction. This is due to the presence of right-
half-plane (RHP) zeros in the system's transfer function, which causes undershoot or opposite transient
behavior. In [13], the nonminimum phase nature arises when the DSTATCOM is modeled as a controlled
reactive current source, and the output voltage (load voltage) is the system output controlled via the reactive
current. The immediate effect of a step increase in reactive current input (control input) is a reduction
(undershoot) in the output (load voltage) before it starts increasing towards its steady state value [10]. The
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undershoot happens because the line inductance prevents an instantaneous change in current. Additionally, the
efficiency and enhancement of stability in renewable energy integration [12].

Coupling capacitor in the STATCOM design restricts immediate voltage changes [ 13]. The interaction
between these
elements causes the system dynamics to initially oppose the intended control action under certain operating
conditions.

Challenges in renewable energy integration are Intermittency, Voltage instability, Reactive power

demand, Harmonic
distortion etc. Intermittency refers the fluctuation of Solar and wind power generation due to weather
conditions. Variability in power generation causes voltage instability in the grid. Renewable energy sources
often require significant reactive power support to maintain grid stability. Power electronic interfaces of
renewable energy systems can inject harmonics into the grid.

DSTATCOM provides voltage support by dynamically regulating the voltage at the point of common
coupling (PCC) by supplying or absorbing reactive power, ensuring stable voltage levels despite fluctuations
in renewable energy output [9]. DSTATCOM helps to manage the reactive power demand of renewable energy
sources, improving the power factor and reducing losses in the system, as a result reactive power compensation
occurred. DSTATCOM provides Harmonic filtering by which it Mitigates harmonics introduced by inverters
in renewable energy systems, maintaining power quality [4]. DSTATCOM balancing fluctuations in such a
way that it Smoothens the power output from renewable sources, enhancing grid reliability. The flexibility
and scalability of DSTATCOM helps in improvement of adverse effects on the distribution network.

Various economic and operational challenges associated with implementing reactive power
compensation devices like DSTATCOM in distribution networks are discussed in [7].

various economic and operational challenges associated with implementing reactive power
compensation devices in
distribution networks [3].

Beyond initial investments, ongoing operational and maintenance costs can be substantial. Regular
maintenance is essential
to ensure device reliability and longevity, adding to the overall expenses.

Assessing the economic benefits of reactive power compensation involves complex analyses. Utilities
must consider factors
such as energy loss reduction, voltage profile improvement, and potential deferment of infrastructure upgrades
[3]. Quantifying these benefits accurately to justify investments poses a significant challenge.
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Determining the optimal locations and sizes for reactive power compensation devices is crucial for
maximizing their
effectiveness. Improper placement can lead to suboptimal performance or even voltage regulation, and
harmonics mitigation [3]. It employs a Voltage Source Converter (VSC) to generate a controllable AC voltage,
which can be adjusted in magnitude and phase to inject or absorb reactive power [6]. This capability makes
DSTATCOM effective in improving power factor, mitigating voltage sags/ swells, and enhancing load
balancing in distribution systems.

Integrating new compensation devices with existing network components requires careful
coordination. Ensuring
compatibility and preventing operational conflicts are essential to maintain system stability and reliability.

Distribution networks experience dynamic load changes due to varying consumer demands and the
integration of distributed
energy resources. Reactive power compensation devices must adapt to these fluctuations to maintain optimal
voltage levels and power quality.

Developing effective control strategies for reactive power compensation devices is complex. These
strategies must respond
to real-time network conditions, requiring advanced algorithms and reliable communication systems.

Addressing these economic and operational challenges is essential for the successful implementation
of reactive power
compensation devices in distribution networks [5]. Utilities must conduct comprehensive cost-benefit analyses
and develop robust operational strategies to ensure that these devices contribute effectively to network
performance and reliability.

An in-depth comparative analysis of custom power devices (CPDs) including DSTATCOM,
STATCOM, SVC, DVR and UPFC to enhance power quality are discussed in [3]-[8].

It is a shunt-connected device primarily used in distribution networks to provide reactive power
compensation, voltage
transformer to inject voltage and acts directly in series with the feeder to control load side voltage [8]. It is
best suited for protecting sensitive loads from voltage dips and swells and widely used in commercial
applications with stringent voltage requirements.
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Static synchronous compensator operates similarly to DSTATCOM but is typically applied in
transmission systems [3]. It
provides dynamic reactive power support, voltage stabilization, and improved transient stability [8].
STATCOM can maintain full capacitive output current even at low system voltages, offering superior
performance compared to traditional devices like SVC, especially during voltage disturbances.

table-2 comparison of power quality devices

S. Factors SvC DSTATCOM | DVR
No
1 Rating low low high
2 Speed of | low More  than | Fast
operatio SvC
n
3 Compen | Shunt |Shunt Series
sation Compe |Compensation | Compe
Method nsation nsation
4 Active Reactive | Reactive Active/
[reactive Reactiv
Power e
5 [Harmonics | high Less than | Very
SvC less
6 Problems [[ransient | Sag/ Swell Sag/
addressed Swell/
Harmo
nics
7 Cost Nominal | Nominal High

Static Var Compensator is a shunt connected device that uses thyristor-controlled reactors and
capacitors to provide reactive
power compensation. While SVCs improve voltage stability and can be effective in certain applications, they
have limitations in dynamic performance compared to STATCOMs [6]. Specifically, SVCs may not maintain
full reactive power output during significant voltage drops, which can be a disadvantage during system
disturbances.

It is a series-connected device mainly used to address voltage sags and swells by injecting the required
voltage related issues
like sags and swells, doesn't address harmonic distortions or current imbalances. DVR is more expensive than
DSTATCOM due to its series compensation mechanism and additional components.
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UPFC is one of the most versatile FACTS devices, capable of controlling voltage magnitude, phase
angle, and impedance
simultaneously. This multifunctionality allows UPFCs to manage power flow, enhance voltage stability, and
reduce power losses effectively [6]. Studies have shown that UPFCs offer superior voltage stability
improvement and power loss reduction compared to other devices like STATCOM, SVC, and TCSC.
The selection of a suitable power quality solution depends on specific system requirements, including
the nature of power
quality issues, desired response characteristics, and economic considerations. DSTATCOMs are highly
effective for distribution systems requiring rapid reactive power compensation and voltage regulation, while
STATCOMSs and SVCs serve similar purposes at the transmission level. The DVR, while limited to voltage-
related issues, is effective for scenarios involving sensitive loads prone to sags and swells. UPFCs provide the
most comprehensive control but come with increased complexity and cost.

The Dynamic Static Compensator (DSTATCOM) has emerged as a pivotal technology in modern
power systems,
enhancing voltage stability, power quality, and mitigating fluctuations in distributed generation [2]. As the
global demand for renewable energy increases and grid infrastructure evolves, DSTATCOM is poised to
play an even more significant role in ensuring efficient and stable electrical networks. This section explores
the future directions in DSTATCOM development, including the integration of advanced control strategies,
the utilization of wide-area monitoring systems, and the potential for more robust, adaptive designs. The
continued research into these areas promises to bolster the flexibility, reliability, and scalability of
DSTATCOM systems, addressing the challenges of a dynamic energy landscape [2].
The future of DSTATCOMs in smart grid applications lies in their ability to adapt to the evolving
energy landscape,
characterized by increased renewable energy integration, advanced control requirements, and the need for
enhanced power quality and grid stability. Ongoing research and development in these areas are essential to
fully realize the potential of DSTATCOMSs in modern electrical distribution systems.

Integrating DSTATCOM s with energy systems can enhance their capabilities in voltage regulation and
power quality
improvement [11]. Energy storage can provide additional reactive power support during peak demand periods
and absorb excess reactive power during low demand, leading to more efficient grid operation.

DSTATCOMs are expected to be integral components in microgrid systems, providing voltage support
and power quality
enhancement. Their ability to operate in both grid-connected and islanded modes make them suitable for
microgrid applications, especially in remote or off-grid areas.

The integration of DSTATCOMs with smart grid communication networks is a significant area of
research [2]. This
integration allows for coordinated control and monitoring, enabling DSTATCOMs to respond dynamically to
grid conditions and support advanced grid functionalities such as demand response and fault detection [1].
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DSTATCOMs are expected to play a pivotal role in improving power quality by mitigating issues such
as voltage sags,
swells, and harmonics [15]. Their ability to provide fast and precise reactive power compensation can lead to
enhanced power quality in smart grids.

Research is focusing on developing cost-effective DSTATCOM solutions to make them more
accessible for widespread
deployment [3]. This includes the use of advanced materials, improved design methodologies, and
manufacturing techniques to reduce costs while maintaining performance.

In conclusion, the Dynamic Static Compensator (DSTATCOM) has emerged as a critical technology
in enhancing the power quality and stability of modern electrical grids. This paper has discussed the key
advancements in DSTATCOM technology, highlighting its significant role in voltage regulation, power factor
correction, and harmonics mitigation. Various control strategies, including PI controllers and more advanced
methods such as model predictive control, have been explored, demonstrating their impact on improving
DSTATCOM’s performance in dynamic environments.

The integration of renewable energy sources with DSTATCOM has shown promising results in

enhancing grid stability and
facilitating smoother transitions between variable generation and load demand. However, despite these
advancements, challenges such as economic viability, operational flexibility, and system scalability remain.
Addressing these issues is essential for maximizing the benefits of DSTATCOM in future smart grid
applications.

Comparing DSTATCOM with other power quality devices, such as STATCOM, SVC, DVR and UPFC

systems, reveals its
superior capabilities in terms of response time, operational efficiency, and dynamic compensation. However,
the high cost of installation and maintenance continues to limit its widespread adoption in certain regions.

Looking ahead, future research on DSTATCOM will likely focus on enhancing its integration with

emerging smart grid
technologies, improving its economic feasibility through cost-effective designs, and exploring new materials
and components for more compact and efficient systems. Additionally, as power systems evolve with
increasing renewable energy penetration, the role of DSTATCOM in enhancing grid resilience and stability
will become even more critical, further establishing its significance in the future of power quality
management. Thus, while DSTATCOM technology has made significant strides, continuous innovation and
research are essential for overcoming the existing challenges and unlocking its full potential in modern power
systems.
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