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Abstract— This abstract delves into diverse mitigation strategies aimed at alleviating harmonic distortion within power systems.
Harmonic distortion poses significant challenges to power infrastructure, leading to equipment overheating, augmented losses, and
interference with communication systems. To counteract these adversities, a humber of mitigation methods have been developed,
encompassing passive and active filters, harmonic isolation transformers, phase-shifting transformers, active front-end converters, pulse
width modulation techniques, switching frequency optimization, resonant converters, hybrid solutions, and load management and
distribution strategies. Each technique offers distinct advantages and constraints, with the selection contingent upon considerations such
as harmonic frequency and magnitude, cost-effectiveness, and specific system requisites. Through the integration of a synergistic array
of mitigation measures, power systems can effectively mitigate harmonic distortion, thereby ensuring sustained operational efficiency
and reliability.

Keywords: Active filtering techniques, Harmonic isolation transformers, Hybrid mitigation strategies, Passive filtering techniques,
Pulse Width Modulation techniques.

I. INTRODUCTION

Harmonic distortion in power systems, caused by
nonlinear loads like variable frequency drives and power
converters, leads to issues such as voltage distortion, losses,
and electromagnetic interference. This paper reviews various
mitigation techniques, from passive filters to active control
strategies, evaluating their principles, benefits, and
limitations to guide the selection of effective solutions for
ensuring power system stability and efficiency[1][2].

Il. MITIGATION TECHNIQUES

Mitigation of harmonic distortion in power systems is
essential to maintain operational efficiency and ensure the
reliability of electrical infrastructure. Mitigation techniques
are primarily employed to diminish harmonics and enhance
system performance [3][4]. Various types of filters, including
passive, active, and hybrid filters, are utilized to eradicate
harmonics [5][6][7]. Figure 1 illustrates different types of
mitigating techniques for harmonic distortion.
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Figure 1. Mitigation Techniques for Harmonic reduction

A range of techniques exist to address this challenge
effectively:
2.1 Passive Filters

Passive filters, made of inductors, capacitors, and resistors,
are used to reduce specific harmonic frequencies in power

systems. These cost-effective filters include low pass, high
pass, band pass, notch, and tuned filters, each designed to
target different harmonic ranges [36][37]. While they are
efficient for certain applications, they may not cover a broad
range of harmonics and are often used in conjunction with
active methods for enhanced performance [8][9][10]. Table 1
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discusses the roles, benefits, and limitations of passive filters,  constraints. Effective implementation requires careful
particularly shunt passive filters, which are cost-effective, analysis, expert consultation, and regular maintenance to
easy to install, and suitable for systems with budget ensure optimal performance.

Table: 1. Comparison between different types of passive filters

Passive Filter

Type Function

Advantages Limitations

These filters permit the

Low Pass transmission of low-frequency
Filters[20][39] | signals while suppressing
higher-frequency components.

They are characterized by a
straightforward design and are
particularly effective in mitigating
high frequency harmonics within
power systems.

However, their efficacy
diminishes when it comes to
addressing low-order
harmonics.

High pass filters facilitate the
High Pass passage of high frequency
Filters[5] signals while inhibiting low
frequency ones.

Nonetheless, they

may exhibit limited
effectiveness in attenuating
high frequency harmonics.

They excel in mitigating low order
harmonics, offering a robust
solution for such issues.

These filters selectively allow
signals within a specified

Their design complexity and

They provide precise suppression limited effectiveness in

harmonic frequencies through
resonance effects. Notch filters
are engineered to attenuate
specific frequencies.

Filters/Notch
Filter[1][38]

Band Pass of specific harmonic frequencies, .
. frequency range to pass through d . addressing broadband
Filters[6] - : . enhancing power quality 4
while attenuating frequencies sinificantl harmonics are notable
outside this band. g y drawbacks.
Tuned filters maximize
Tuned attenuation at predetermined They offer unparalleled efficiency | Yet, their reliance on precise

at specific harmonic frequencies, tuning for each targeted
ensuring effective harmonic frequency poses a
suppression. considerable challenge.

Passive These filters integrate various
Harmonic filter types to simultaneously
Filters[7][8] address multiple harmonics.

They provide comprehensive
harmonic mitigation across a
spectrum of frequencies,
significantly enhancing power
quality.

Their complex design and
configuration, coupled with
higher costs, may present
practical challenges.

Series filters are interconnected
with the load to reduce harmonic
currents directed towards it.

Series Passive
Filters [3]

However, they may introduce
voltage drop and impact the
performance of connected
load.

They directly mitigate harmonic
currents flowing into the load,
thereby improving power quality.

Shunt filters are connected in
Shunt Passive | parallel with the load, offering
Filters [4][5][6] | an alternative path for harmonic
currents.

By diverting harmonic currents
away from the load, they
effectively reduce voltage
distortion and enhance power
quality.

Careful sizing and placement
are essential to avoid
resonance issues and ensure
optimal performance.

2.2 Active Filters

Active filters utilize power electronic components to
generate corrective harmonic currents that counteract those

produced by nonlinear loads. Offering dynamic response
capabilities as discussed in Table 2, they can manage a wide
array of harmonic distortions.

Table 2: Comparison between different types of Active Filters

currents to  mitigate

Filters (AHFS)/12][13] |\ - rmonic distortions

Active Filter Type Function Advantages Limitations
. . .. | Higher initial  cost, complex
Active Harmonic Generate  compensating | Wide frequency range, built installation and setup, maintenance

in  protection  features,

o . requirements for power electronics
customization options

components
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Active Filter Type Function Advantages Limitations
Active Power Filters | Neutralize harmonic Effective across a wide | Higher initial cost, malntenan_ce
. range of frequencies and | needs for power electronics
(APFs)[47] currents from non-linear - . o
. . loads, compatibility with | components, complexity in control
[14][33][34] loads in real time. - " . .
retrofitting applications algorithms and tuning parameters.
PWM(Pulse Width | Utilize high- frequency Efﬂc'ent[ n power Complex d§5|gn z_;md. control
. o S conversion, widely | algorithms, higher switching losses
Modulation) switching to minimize . - . .
2 . applicable, reduced | and costs, limited effectiveness with
converters[17][18] harmonic distortion - . ;
harmonic content in output | non-linear loads
Active Voltage Stable' volt'age supp_ly, Higher initial cost, Complexity in
. Regulate voltage level | effective in reducing . . . LD
Conditioners ., . . . design and integration, limited
and mitigate fluctuations | anomalies, suitable for . . .
(AVCs)[19] o . effectiveness with non-linear loads.
critical environments.
. . Integr. iv n mprehensivi harmonic | Higher initial maintenan
Hybrid Active Power te:*g ate passive and | Co prehensive armonic ghe tial cost, mainte ance
: active technology for | reduction, component | requirements for power electronics
Filters[9][10][11][15][ . P 4 7N -
3] comprehensive flexibility, suitable for low | components, complexity in design
mitigation and high-order harmonics. and integration.

In summary, each active filter technique offers distinct
advantages tailored to specific application requirements,
playing a pivotal role in enhancing power quality by
mitigating harmonic distortions in electrical systems shows
in table 2 [13,14].

2.3 Harmonic Isolation Transformers

These transformers block harmonic currents from reaching
sensitive loads by providing electrical isolation and
low-impedance paths for high-frequency harmonics [37].
With features like high K-factor, shielding, and filtering, they
improve power quality, regulate voltage, and protect
sensitive equipment in systems with non-linear loads. By
adjusting the phase angle between input and output, these
transformers help mitigate specific harmonics, manage
power flow, balance loads, and regulate voltage. They are
widely used in power transmission and distribution systems
to enhance grid stability and performance.

2.4 Active Front-End Converters

Active Front-End (AFE) converters are advanced devices
that regulate power flow between AC and DC systems while
minimizing harmonics and improving power factor.
Commonly used in motor drives and energy storage, they
support bidirectional power flow, regenerative braking, and
active harmonic filtering for enhanced efficiency and grid
compliance. The 12-pulse rectifier uses two 6-pulse bridges
and a phase-shifting transformer to cancel 5th and 7th
harmonics, reducing input current THD to around 10%. It
mainly introduces 11th and 13th harmonics, offering
improved  harmonic  performance  over  standard
rectifiers.whereas; the 18-pulse rectifier uses three
phase-shifted 6-pulse bridges and a multi-phase transformer
to eliminate 5th—13th harmonics, reducing THD to about 5%.
It ensures IEEE-519 compliance, with 17th and 19th
harmonics as the dominant residuals [16][17].

2.5 PWM Techniques

Pulse-width modulation (PWM) shapes converter output
by high-frequency switching of devices such as IGBTs or
MOSFETSs, varying pulse widths to set the desired average
voltage or current while suppressing harmonics. Approaches
like sinusoidal or space-vector PWM, selective harmonic
elimination, and random PWM let engineers target specific
harmonic  orders  for  cleaner, application-tailored
waveforms[18][26][27].

2.6 Switching Frequency Optimization

Optimizing the switching frequency in power electronic
devices helps reduce high-order harmonics and improve
efficiency. This balance minimizes losses, manages EMI and
thermal effects, and enhances overall system performance in
converters and inverters [28][29].

2.7 Resonant Converters

Resonant converters operate at frequencies where
impedance is minimized, reducing switching losses and
effectively mitigating harmonics. By using resonant
components like inductors and capacitors, they achieve high
efficiency and low electromagnetic interference in power
conversion[18][30][31[35].

2.8 Hybrid Solutions

Hybrid harmonic mitigation solutions combine passive
and active filters or other methods like phase-shifting
transformers and resonant converters to effectively reduce
harmonic distortion. This approach leverages the strengths of
each technique to provide comprehensive, adaptable, and
efficient harmonic suppression across a wide frequency
range.
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2.9 Line Reactors and Load Management

Line reactors, when connected in series with non-linear
loads like adjustable speed drives, provide a cost-effective
solution for reducing harmonic distortion by introducing
inductive reactance and absorbing voltage transients. By
adjusting impedance relative to load current, they mitigate
harmonic currents and enhance power quality, typically
maintaining optimal impedance levels between 3% and
6%.Effective load management and distribution minimize
harmonic distortion by balancing loads across phases, with
mitigation  techniques chosen based on harmonic
characteristics, cost, and system needs [32].

I11. CONCLUSION

In summary, the mitigation of harmonic distortion in
power systems is imperative to uphold operational efficiency,
preserve equipment integrity, and ensure uninterrupted
power supply. The array of mitigation techniques explored in
this manuscript provides a comprehensive toolkit for
addressing harmonic challenges across various operational
contexts. While each technique boasts distinct advantages
and constraints, their collective application enables tailored
solutions that align with specific system requirements and
operational constraints. By considering factors such as
harmonic frequency, magnitude, cost-effectiveness, and
system dynamics, power system stakeholders can prudently
select and integrate appropriate mitigation strategies.
Whether through passive filtering, active control
methodologies, or hybrid approaches, the overarching
objective remains consistent: mitigating harmonic distortion
to uphold the quality and reliability of power delivery. As
power systems evolve and encounter new challenges,
ongoing research and innovation in harmonic mitigation
techniques are pivotal.

V. FUTURE WORK

Despite advancements in harmonic mitigation, further
research is needed in areas like advanced filtering techniques,
integration of renewable energy, and smart grid technologies
to address emerging challenges. Additionally, exploring
machine learning, Al, cost-effective solutions, and cyber
security in harmonic mitigation can enhance system
performance and sustainability.
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