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A Brief Review of Power Quality Issues Emerged 

due to Modernization of Power System 

Infrastructure 

Mohit Bajaj*  

Abstract: The architecture of power systems is evolving daily due to technological advancements aimed at 

reducing energy consumption and improving the environment. However, this improvement in the architecture of 

the network has affected the quality of the electricity and is producing several problems associated with the 

quality of power supplied. In a broad sense, the recent standard procedures for power generation, transmission 

and distribution are the root cause of the recently discovered problems with power quality. Investigating these 

problems is essential to accurately forecast the stochastic impacts on today network's functioning and locate the 

best remedy for these problems. This study includes a discussion on quality challenges that evolved due to 

modernization in the infrastructure of power network and an evaluation of the latest solutions presented in the 

literature to overcome those difficulties. This paper also makes recommendations for the future scope of research 

that should be done to address these new power quality problems. 
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1. Introduction 

The main objective of power system is to supply 

high quality electricity, ensure that it is transmitted 

effectively, and provide it to customers at prices that 

are affordable. During the time of the conventional 

power networks, neither the accessibility of energy 

supplies nor the state of the environment was in 

danger. During that time period, electricity was 

created only via the use of energy systems derived 

from fossil sources by means of synchronous 

generators.  
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These generators supplied good sinusoidal 

signal voltages in accordance with quality 

requirements and power was transferred to the 

consumers either by a single or a three phase overhead 

transmission network. The majority of the drives 

consisted of motors that were controlled directly, and 

there was no power electronics interface between the 

supply and that. Additionally, there was little concern 

for flexible control or energy conservation. Due to the 

absence of energy conservation techniques, the 

majority of the lighting loads were linear and totally 

resistive as well. There was no application of any 

power electronics circuits whatsoever. Therefore, it is 

possible to say that the most of the loads in ancient 

power networks were linear, and as a result, they were 

supplied by totally fundamental supply voltage. 

Utility grids are tasked with the duty of ensuring that 

all of their customers get electricity that is consistent 

with the specified magnitude, frequency, and voltage 

[1]. In addition, it is necessary for all of the consumers 

to get pure sinusoidal signals while maintaining unity 

power factor.  
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Fig. 1:  Share of energy from renewables between 2004 and 2016 in % of gross final utilization [4] 

The primary objective of today's contemporary 

power system architecture [2] is to reduce the amount 

of generation that is reliant on the utilization of fossil 

sources energy resources as much as possible in order 

to address the myriad of problems that are linked to 

this objective. Because of the positive effects that this 

behavior has on the surrounding environment, the 

generation of power via the use of renewable sources 

is favored. In addition, distributed generation (DG) 

that makes use of renewable energy resources has its 

own set of benefits, including a reduction in 

transmission losses and a lower impact on the 

environment [3]. As a consequence of this, the current 

situation of smart grids is seeing an improves in the 

percentage of generation that is derived from 

renewable resources all over the globe. Countries such 

as Sweden, Iceland and Norway are among those that 

meet higher than fifty percent of their entire energy 

demand via the production of electricity from 

renewable resources. Figure 1 depicts the total 

percentage of energy derived from renewables that 

was used in the production of gross total energy 

utilization in the states of the European Union (EU) 

between the years 2004 and 2016 [4]. Solar power 

(photovoltaic (PV), thermal and concentrated), tidal 

power, wind power, biofuels, geothermal energy and 

hydro power are all examples of renewable energy 

sources. Although the interconnection of power 

generating systems based on renewable energy 

resources (RES) into the current transmission grid 

presents a number of power quality difficulties [5-7], 

the potential future advantages of using RES as a 

source of electricity generation are promising. Owing 

to the fact that the quality of the electricity produced 

by RES such as PV or wind power is influenced by the 

unpredictability of the surrounding environment [8]. 

As a result, the utilization of renewable generating 

systems such as PV and wind power, as well as these 

systems frequent integration with the grid, has 

resulted in major power quality challenges in the 

networks that are now in place. Therefore, the 

generating methods of advanced power system 

networks have led to in the emergence of more power 

quality challenges.  

The transformation in the manner in which 

contemporary power systems' infrastructures use 

energy has also resulted in concerns with the power 

supply's overall quality. Harmonic signals and 

reactive power have been introduced into power 

systems as a direct result of the excessive utilization of 

power electronic equipment [9]. The demand of 

supple control of industrialized and energy effective 

domestic consumer load gear has dominated the 

utilization of power electronic elements to a large 

degree. This is particularly accurate in the case of 

residential consumer load equipment. The number of 

electric cars on the road is rapidly growing in response 

to rising worries about the environment. Due to the 

rectifier circuit, the charging system of an electric car 

operates as a non-linear system, and it has dominated 

harmonics current in power systems [10]. Harmonics 

and reactive current have become more prevalent in 

power systems because of the extensive use of 

completely converter controlled motor drives as an 
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alternative to conventional direct driven motors. 

Additional shifts in the sorts of household appliances 

that are used on a daily basis have also contributed 

significantly to the growth of harmonic current in 

power networks [11]. Therefore, the shift in 

consumption patterns within the current power 

system architecture has also resulted in the emergence 

of new power quality issues. 

In addition, the shifts in procedures that have been 

employed for the transmission of electricity have also 

contributed to difficulties with the power's quality. 

Concerns near power quality have arisen as a 

consequence of the widespread usage of cables for 

transmission purposes in today's contemporary power 

system since high-voltage direct current transmission 

is also employed for shorter distances.  

According to the researchers understanding, there 

is not a single publication that provides a full analysis 

of current power quality concerns and systematically 

categorizes all of the problems based on the degree to 

which the power network has been modernized. This 

paper includes a comprehensive discussion on power 

quality challenges, which have become more prevalent 

as a result of modernization in power networks, as 

well as a review of the most recent and cutting-edge 

recommendations that have been suggested in the 

literature to report these concerns. It has been 

extensively explored how the incorporation of power 

production that is based on renewable resources into 

the grid might lead to problems with the electricity's 

overall quality. There has been discussion on the 

impact that switching to electric car technology will 

have on the power quality of the grid. It has been 

extensively debated how contemporary lighting 

systems, rechargeable household items, and industrial 

motor drives all have a consequence on the grid power 

quality.  

In this paper, an extensive review study has 

been carried out on the quality challenges that have 

surfaced as a direct significance of the transformation 

of the infrastructure of the power networks. 

Additionally, day-by-day recommended state-of-the-

art solutions to those challenges have also been 

inspected and dissected in seriousness at this point in 

time. The major purpose of this paper is to speak 

about new power quality challenges that have been 

brought up by the current power system and to 

provide the solution that is both the most suitable and 

effective one. The stochastic consequences of those 

newly emerging PQ concerns on the system are not 

within the purview of this work's investigation and so 

will not be discussed. In part II, power quality 

problems and the IEEE standards that are related with 

them are categorized, and the root causes of these 

problems are examined. A comprehensive discussion 

on the process of assessing a problem with the power 

quality is carried out. This section also addresses the 

manner in which each problem is characterized as well 

as the degree of severity of the problem. In Section III, 

the newly arising problems with electricity quality as a 

result of shifting generating techniques are discussed. 

This section includes a short discussion of the current 

situation for generation based on renewable energy 

sources and the topologies that are most typically 

utilized for this purpose. Problems with power quality 

have risen as a consequence of the integration of 

renewable production, and the most recent and 

effective solutions to these problems are explored in 

section III in great detail. Additional quality problems 

that have originated because of shifts in the methods 

of transmission and utilization are examined in 

sections IV and V, respectively, and so are the 

solutions that have been developed to solve these 

problems, which are also thoroughly explored in the 

same sections. In the last section, judgments are taken, 

and suggestions are made on the area of future study 

effort.    

2. Broad classification of power quality issues and 

associated standards 

The phrase "power quality problem" refers to 

any instance in which the signal of the current or 

voltage deviates from the standard sinusoidal, either 

in terms of the rated magnitude or the frequency [13]. 

In layman's terms, a power quality issue is any fault 

connected to the supply current or voltage that 

outcomes in the miscarriage of receiver load 

equipment’s. The distribution of electricity to 

customers is the fundamental objective of the utility. If 

the power quality of the utility is inadequate, it will 

have an adverse economic impact on the load of 

consumers who are linked to the system as well as on 

the utility. There are a variety of potential reasons for 

the various power quality issues, and each one has the 

potential to have a negative impact on the sensitive 

equipment used by customers in a specific manner. 

The stages required in analyzing a power quality 

concern are shown in figure 2, which may be found 
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here. It is abundantly evident that determining the category of the issue is the first stage in this process.  

 

Fig. 2: Procedure of evaluating a power quality problem [14] 

There are five distinct types of issues that might 

potentially be present, and they are voltage regulation 

or imbalance, voltage sags or interruptions, flicker, 

transients, and harmonic distortion, in that order. The 

following phase, which comes after the category of the 

issue has been recognized, is to identify that problem 

by certain metrics, such as the causes, features, and 

effect it has on a certain type of sensitive equipment. 

The subsequent processes include of identifying the 

feasible range of solutions, doing assessments of the 

solutions, and ultimately locating the solution that is 

the most optimal given the choices that are accessible 

[14]. Table I provides a broad categorization of power 

quality issues, along with their respective descriptions 

and hypothesized causes [15]. When conducting an 

examination of power quality, governing criteria for 

each different kind of power quality problem play a 

very crucial role. Table.II has a list of these standards, 

including some of them. 

 

Table. I: Power quality issues and their causes [15] 

 

 

IDENTIFY 
PROBLEM

CATEGORY

•Voltage 
Regulation

•Voltage 
Sags

•Flicker

•Transients

•Harmonic 
Distortion

PROBLEM

CHARACTERIZATI
ON

•Causes

•Characteristics

•Equipment Impacts

IDENTIFY 
RANGE

OF SOLUTIONS 

•Utility 
Transmission 
System

•Utility 
Distribution 
System

•End-Use 
Customer 
Interface

•End-Use 
Customer System

•Equipment Design

EVALUATE

SOLUTIONS

•Modeling/Analy
sis Procedures 

•Evaluate 
Technical 
Alternatives

OPTIMUM 

SOLUTION

•Evaluate 
Economics of 
Possible 
Solutions→ 
DVR, 
DSTATCOM, 
UPQC
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Table II: Power quality issues and associated standards 

 
 

3. Power Quality Issues Caused by Changes in 

Methods of Generation 

The idea of transforming the existing grid into a 

contemporary one, or, to put it another way, updating 

the infrastructure of the power network, has an effect 

on the quality of the electricity. New technological 

obstacles have surfaced along with the social and 

environmental advantages that have resulted from the 

progress of electricity systems. The use of fossil fuels 

to generate electricity and other human activities have 

contributed to the pollution of the atmosphere with 

carbon dioxide and emissions that contribute to global 

warming; as a result, the creation of electricity from 

renewable resources has arisen as a green energy 

source [24]. A study conducted in the United States 

found that the generation of energy is accountable for 

around 29 % of the country total greenhouse gas 

productions [25]. Because of this, renewable energy 

systems such as solar and wind produce green energy, 

and their penetration throughout the whole globe is 

expanding day by day. According to the yearly report 

provided by GWEC and IEA, 2016 [26-27], Figure 3 

illustrates the percentages of the world's total wind 

and solar energy production that each contributes. The 

production of energy through the use of renewable 

resources looks to have a promising future owing to 

the benefits it offers over generation via the use of 

fossil fuels. In order to make use of renewable energy 

sources like solar and wind power, power plants need 

to be connected to the grid that is already in place [28].  

The overall structure of the system that converts wind 

energy into electrical energy is shown in Figure 4(a). 

[29] The architecture of a big wind power facility that 

is linked to the grid is shown in further detail in 

Figure 4(b). The topology of a grid-connected solar 

power plant is quite similar to that of a wind power 

plant, with the exception of the early step of 

conversion. A full structure of a solar power plant that 

is linked to the grid is shown in Figure 5 [30].  

3.1 Power quality issues and solutions 

The grid interconnection of RES presents various 

hurdles for the power system network [31]. The use of 

RES in independent operation does not provide 

several technological obstacles as the interconnection 

of RES with the utility does. The operators of the 

utility grid are able to centrally manage the quality of 

the power that is provided without resorting to the 

use of power electronics systems. However, the 

quality of electricity generated by photovoltaic and 

wind systems is dependent on environmental 

elements and the control provided by power 

electronics. Because the integration close to such green 

energy based generating systems is substantially 

expanding, the possible danger to power quality 

caused by such grid incorporation would likewise go 

up significantly [32].  Regulation of harmonics, 

frequency, and voltage in output current are the 

criteria that are recommended to check the quality of 

power generated by PV systems in accordance with 

IEEE standards 929-2000.  

A. Voltage and frequency fluctuations  

Because of the unpredictability of the weather, 

the production of renewable energy is very 

intermittent. For example, the output voltage and 

power of a photovoltaic module alter in response to 

shifts in solar irradiation and temperature, while the 

output voltage of a wind energy system responds to 

shifts in wind speed [33, 34].  
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Fig. 3: Shares of total wind and solar energy generation around the world [26-27] 

 

 
Fig. 4(a): General structure of wind energy generation 

system 

 
Fig. 4(b): Complete layout of grid integrated wind 

system network [30] 

 

 

 
Fig. 5: Detailed model of grid integrated PV [30] 

Therefore, variations in power acquired during 

the energy conversion process are caused by the 

unpredictable and intermittent nature of renewable 

resources. These fluctuations in power, in turn, 

generate changes in voltage and frequency when such 

systems are connected into the existing grid. 

Therefore, it is necessary to make weather forecasting 
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technologies more advanced so that the controlling 

system of photovoltaic or wind generation plants can 

be designed in such a way that in the event of any 

change in environmental conditions, voltage sag or 

swell caused can be mitigated effectively either by 

spinning reserve (SR) or by sufficient energy storage 

systems. If nothing else, these voltage oscillations need 

to be stabilized by use of a specialized power supply. 

Therefore, it is necessary to develop a well-

coordinated controlling system of systems based on 

renewable energy in order to make it possible for such 

systems to be linked with the grid in any location in a 

manner that is self-regulating. There are a variety of 

state-of-the-art solutions described in the available 

literature for addressing the problem of voltage and 

frequency shifts. In some strategies, the use of custom 

power devices (CPD) is suggested as a means of 

reducing voltage variations. A general categorization 

of the fundamental methods described in the literature 

is shown in Figure 6. 

 

 
Fig. 6: Broad classification of solutions to voltage and 

frequency fluctuations 

 

One of these solutions is called a Static Transfer 

Switch (STS), and it uses two static switches for each 

phase. Each static switch is, in essence, a collection of 

thyristors that are coupled in anti-parallel [35]. In the 

event that there is a drop in voltage or an interruption, 

it moves the sensitive load to the phase that is 

operating normally. In compared to the several 

alternative CPD solutions, STS offers the most cost-

effective choice. The Static VAR Compensator is still 

another choice for CPD, and it is an example of a 

power electronically controlled passive device [35]. By 

adjusting the firing angle, it regulates the flow of 

reactive power between the PCC and passive parts 

like the capacitor and the reactor.  

Controlling the flow of power into the grid in the 

event that the amount of renewable energy that is 

available varies is yet another potential method for 

addressing power quality issues brought on by the 

combination of renewable resources and grid 

integration. Kelvin Tan et al. [36] proposed a 

mechanical sensor less control of a PMSG based grid 

linked wind energy conversion system for maximum 

power tracking. The controller makes it possible for 

the PCC voltage to change to an operating point where 

it produces the most power based on the results of the 

power mapping loop and the PMSG frequency 

derivative loop. The use of a distributed generation 

(DG) system-based series compensator is one method 

that may be used to reduce the severity of further 

voltage variations. Transient response of DG series 

compensator has been compared with static transfer 

switch in one such research that has been carried out 

by the authors of reference [37]. According to the 

findings of the research, STS provides a solution to the 

issue of voltage quality that is both economical and 

effective.  A study that can be found in reference [38] 

investigated the part that the power quality control 

center (PQCC) plays in reducing the negative effects 

that voltage has on sensitive loads. A unique strategy 

for the mitigation of voltage fluctuations has been 

described. This strategy makes use of the 

characteristics provided by the PQCC and is 

innovative in its own right. According to the findings 

of the analysis, the ride-through capacity of the system 

may be greatly increased to accommodate for 

downstream voltage sags.  It is also possible to employ 

a technique that is based on a virtual synchronous 

machine (VSM) for the purpose of minimizing voltage 

and frequency fluctuations in grid-integrated 

renewable energy systems [39]. This approach 

represents the whole renewable energy system as a 

machine that uses alternating current and 

synchronous rotation.  
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Authors J. Zaragoza et al. present the control of a 

PMSG-based wind energy conversion system (WECS) 

using field oriented control (FOC) for the purpose of 

regulating speed regulation and producing current. 

For this objective, a PI controller is used, and the 

tuning parameters are obtained using a zero-pole 

cancellation (ZPC) technique [40]. This publication [41] 

reported research work on increasing integration of 

wind energy to the grid by better coordinating 

conventional resources of generating and energy 

storage systems. This may aid in optimizing wind 

energy generation, but it also enhances the 

predictability of wind farm output. The research was 

presented by the authors of the paper.  In a similar 

manner, the authors Li Wang et. al. suggested a 

unique control strategy for the reduction of power 

fluctuations in grid integrated wind farms by the 

employment of variable frequency transformers [42]. 

The steady-state analysis of operating circumstances 

shows that the active power produced by a wind farm 

may be transmitted to the utility grid by precisely 

managing the torque output of the dc drive motor of 

the variable frequency transformer. This was 

discovered as a result of the findings of the study that 

was conducted.  The authors [43] describe a novel 

method for managing the flow of electricity. By 

providing a service that reduces peak demand at the 

lowest possible cost, the goal is to facilitate the 

integration of a large amount of solar electricity into 

the grid. It is recommended that an optimum 

predictive power scheduling method should be used 

as the basis for the construction of a power supervisor. 

An enhanced design for grid interfacing is provided in 

reference [44] with the goal of enhancing the voltage 

quality that is achieved via the incorporation of wind 

energy into the grid. Several different series–parallel 

grid-interfacing system topologies have been 

suggested as possible solutions. They are well suited 

for DG applications, as well as for power transmission 

and the enhancement of voltage quality. The 

suggested systems have been compared with 

traditional series–parallel systems and shunt-

connected systems, revealing that they have flexible 

application thanks to the reconfigurable capabilities.  

The integration of wind farms into the current power 

system may present a number of challenges, some of 

which may be ameliorated by the use of energy 

storage and STATCOM. These findings are supported 

by the authors cited in reference [45]. Initially, the 

investigation will identify the power quality concerns 

that are present in the system operated by Southern 

California Edison, which has a significant amount of 

wind generating. In addition to this, it discovers the 

route limitation difficulties in one of the wind energy 

producing locations in that territory, which includes 

loads that are susceptible to disruptions in the power 

system. It has been shown via the use of computer 

models that the installation of a STATCOM and 

Energy Storage at certain sites within the region 

served by SCE may contribute to the reduction of 

voltage quality issues. [46] presents a novel control 

method that may be used in a grid-connected wind 

energy conversion system (WECS) that is based on a 

doubly fed induction generator (DFIG). The power 

shifts that occur on the grid as a result of the variable 

characteristics and unpredictability of wind may be 

mitigated with the use of a battery energy storage 

system (BESS), which is part of the proposed 

architecture. An investigation is carried out in terms of 

the active power sharing that occurs between the 

DFIG and the grid. This investigation takes into 

consideration the power that is either stored or 

discharged by the BESS depending on the amount of 

wind energy that is readily accessible. After that, the 

suggested approach is run via a simulation in Matlab-

Simulink, and the constructed model is used to make 

predictions about the behavior. When compared to the 

previous research that has been done on the subject of 

the factors that regulate grid-fed DFIG-based WECS, 

this study makes an attempt to be as up-to-date and 

original as possible. 

The information included in reference [47] 

provided a complete categorization of the many 

conceivable scenarios of voltage sag and swell. This 

classification was based on changes in irradiation, 

wind speed, and load. The performance of the inverter 

controller has been increased thanks to the extraction 

of features from the many conceivable instances.  

Researchers [48] have suggested using VSM in 

conjunction with reactive power correction to create a 

combined operating mode. The STATCOM-based 

mitigation strategy is inferior to this methodology in 

terms of the synchronization it provides. There is a 

proposal for a new variable-speed WECS that makes 

use of a PMSG and a Z-source inverter [49]. The 

control of the permanent magnet synchronous 

generator is covered in this article. The goal of this 

control is to get the most amount of power possible 
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from the wind that is blowing while maintaining the 

highest possible level of efficiency. Z-source inverter 

characteristics are used for optimum power tracking 

control while concurrently supplying power to the 

grid. This is done in tandem. [50] reveals a unique 

hybrid adaptive fuzzy control technique that was 

developed by the authors. This provides short-term 

frequency control assistance for DFIG-Based wind 

energy applications by using both the spinning mass 

of the DFIG and a super-capacitor bank as the virtual 

inertia sources. A super capacitor is linked to the DC 

link of the back-to-back converters in order to 

compensate for the intermittent nature of the wind, 

and an extra adaptive fuzzy controller is added to the 

super capacitor system controller in order to 

accomplish short-term frequency support. This is done 

in order to correct for the nature of the wind itself.  

After the wind turbine is connected, the characteristics 

that are associated with the power quality issues are 

monitored and evaluated in accordance with the IEC 

Standard (IEC 61400-21). Concerning the quality of the 

power, there are seven parameters: the voltage 

unbalance, the harmonics, the inter-harmonics, the 

active power, the reactive power, the grid protection, 

and the reconnection time. Authors referred to in 

reference [51] shows how the wind mill is accountable 

for the following metrics after it has been researched 

and STATCOM has been added into the system by 

connecting it at PCC in order to provide the best 

solution to combat the power quality difficulties that 

were described.  

An technique based on shunt compensators was 

presented in order to solve the issue of voltage 

fluctuation that arises with the integration of 

renewable energy into the grid. This strategy utilizes 

reactive power compensation as its foundation. This 

paper [52] presents a new control method to suppress 

the frequency fluctuations that occur due to a large 

amount of photovoltaic (PV) power generation and 

wind power generation. This control method is based 

on power flow control of high voltage direct current 

(HVDC) interconnection line and makes use of a dead 

band in its frequency control system. In addition, a 

variety of strategies for the regulation of power quality 

in grid-integrated renewable energy based systems 

may be found in the relevant body of published 

research [53–55].  

 

 

B. Current harmonics injection 

In order to integrate with the grid and facilitate 

the transfer of energy between the two, generating 

systems that are powered by renewable energy need 

inverter circuits that are powered by power 

electronics. Because of the high switching frequency at 

which these power electronics inverter circuits 

operate, they are responsible for the injection of high 

frequency harmonic current into the grid [34]. 

Interharmonic and supraharmonic emissions are 

produced by wind and solar energy generation 

systems that are grid integrated [56]. [57] The 

frequency range of supraharmonics ranges from two 

to one hundred and fifty kilohertz, and it is a novel 

sort of harmonic that has only lately attracted the 

attention of academics. It is necessary to conduct an in-

depth analysis of the field data on harmonics emission 

caused by grid-connected renewable DG systems in 

order to guarantee improved power quality in the 

infrastructure of future power systems. Because of the 

tightly coupled nature of low voltage consumer loads, 

loads that are connected inside a solar or wind power 

plant are not as vulnerable as loads that are connected 

to dispersed generating. The use of a shunt active 

power filter is the typical method for mitigating the 

negative effects of harmonics. While there is room for 

study on how to regulate the inverter interface in such 

a way that the emission of harmonics is kept to a 

minimum, this research is not yet complete. For the 

purpose of making the provided current of DG 

systems fully active and closer to pure sinusoidal, 

several approaches have been offered in the relevant 

literature. A classification and analysis of these three 

approaches was provided in reference [58], which can 

be found in [59], [60], and [61] respectively. The 

current controlled mode, the voltage controlled mode, 

and the hybrid control mode. The ability of a grid-

integrated DG system to limit harmonics emission, 

correct for harmonics, and improve voltage quality at 

the point of common coupling (PCC) is made possible 

by the operation of the controller in each of the modes. 

The table below provides a comparison of the three 

generalized compensation systems' respective degrees 

of flexibility [58]. Another innovative approach based 

on virtual impedance has also been documented in the 

published literature [62]. As illustrated in figure 7 [62], 

the virtual impedance method is versatile enough to 

be used to current as well as voltage source type 
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converters, making it possible to achieve a number of 

different goals. When it comes to the successful 

completion of all of these goals with the integration of 

DG systems, the appropriate design of virtual 

impedance plays a very crucial role [63-66]. 

 

 

Table III: Comparison of Different Harmonic Compensation Schemes [58] 

 
                                               

 
Fig. 7: Classification of virtual impedances [62] 

Another alternate technique is to utilize a multi-

functional grid connected inverter, which is an 

upgraded version of a traditional inverter and is able 

to efficiently conduct harmonics correction in addition 

to integrating DG systems into the grid [67]. This 

inverter is an enhanced version of the traditional 

inverter. Therefore, there is no longer a need for any 

other supplementary compensating mechanism for the 

point of common connection. 

Control of a grid-interfaced solar photovoltaic (PV) 

power producing system was the topic of discussion 

for the authors M. Rezkallah et al. [68]. For the 

purpose of serving the tasks of active power injection 

to the grid, balanced grid currents at unity power 

factor, and load currents harmonics adjustment, a 

Lyapunov function based control strategy has been 

created and modeled for the dc–ac inverter. In 

addition to that, a method known as sliding mode 

control is used for the purpose of attaining maximum 

power tracking control of solar-PV arrays. A harmonic 

and interharmonic controller for grid-tie converters 

intended for use with renewable energy sources was 

presented in reference [69]. The measurement of the 

voltage at the point where the generating unit is 

connected is the sole factor considered in the control of 

the system. The authors also studied how the stiffness 

of the feeder affected the performance of the 

correction. The authors in [70] presents a proposal for 

a repeating controller that may mitigate voltage 

harmonics in voltage-source inverter (VSI)-based 

islanded micro grids. In this research, an explicit 

analysis of the phase lead filters and a unique design 

technique of the time advance unit in repetitive 

controllers are proposed in order to guarantee the 

stability of the system.  

4. Power Quality Issues Caused by Changes in 

Methods of Transmission 

Concerns about power quality have arisen as a 

result of the increased usage of cables for transmission 

purposes in contemporary power systems since high-

voltage direct current transmission is being employed 
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over shorter distances as well. The structure of the 

transmission system has been altered as a result of the 

implementation of devices based on communication 

technologies in the smart grid scenario. Because of 

recent advancements in the field of insulation and the 

optimization of cable size, cable transmission has 

become a solution that is both efficient and cost-

effective. The majority of European nations have 

completely buried their power grids, both at low and 

medium voltage levels. There are two different reasons 

why an overhead transmission could be replaced with 

cable transmission on a regular basis. The first 

advantage is a decreased susceptibility to the effects of 

adverse weather, and the second advantage is a 

decreased likelihood of LG and LL faults occurring in 

distribution networks. As a direct consequence of this, 

the occurrences of voltage sags and surges are quite 

uncommon. In addition, the transmission of data via 

subterranean cables contributes to the protection of 

communities from the adverse effects of 

electromagnetic fields. However, as a result of this 

shift in the way electricity is transmitted, two 

significant problems have arisen with the power's 

quality. Figure 8 presents a categorization of the 

problems that have been encountered. Aside from 

that, the transmission of electricity through 

subterranean cables presents a number of challenges 

for the operators of utility transmission systems, 

including the prevention of corrosion and the control 

of stray currents. 

                                            

 
Fig. 8: Classification of PQ issues due to underground 

cable transmission 

 

Switching transients are caused by various 

switching actions in the power network, such as the 

operation of circuit breakers, the energization of lines, 

transformers, and capacitor banks, and so on. As the 

name implies, switching transients are present in the 

power system. Switching transients are most 

important issues that pay to power quality issues that 

influence the power transmission system. Because 

subterranean cables have different properties than 

above lines, the problem of switching transients 

becomes more prevalent when the cables are used for 

transmission rather than the traditional overhead 

lines. The quantity of charging current rises as a result 

of the increasing capacitance of the cable, which is 

replacing the overhead line. When sent over longer 

distances via cable, the situation becomes much more 

severe. The most cost-effective method for addressing 

the high charging current flow in subterranean cable is 

known as shunt reactive compensation. In addition to 

this, it offers methods for correcting the extra reactive 

power that is caused by the capacitance of the cable. 

However, when shunt reactors are connected in a 

manner that is relatively near to one another, this 

enables the cable to participate in resonant situations 

[71-73]. As may be seen in figure 8, there are 4 

different types of resonance difficulties that are 

nowadays recognized. Because of the increased 

capacitance of the cable, the resonance frequency 

drops, and the magnitude of the lower order voltage 

harmonic rises as a result of the lower resonant 

frequency. This change in resonance frequency may 

result in problems such as saturation on the core of the 

transformer or inappropriate performance of HVDC 

converters. There is no mistaking the fact that cable 

transmission has an influence on the frequency 

reaction of the power transmission system [74]. This 

highlights the need of transmission system operators 

carrying out the necessary technical analysis, 

particularly the computations in the time and 

frequency domains.  

 

5. Power Quality Issues Caused by Changes in 

Methods of Consumption 

There has been a significant shift in the ways in 

which the distribution network practices the use of 

electric power. The transformation in the manner in 

which contemporary power systems' infrastructures 

use energy has also given birth to significant problems 

with the power supply's quality. The parts that follow 

will go through these topics in further detail.   
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5.1 Power Quality Issues due to Electric Vehicle  

As the effects of climate change become more severe, it 

is strongly advised that people purchase 

environmentally friendly automobiles, such as electric 

or hybrid electric systems. In the same time, the 

extensive implementation of electric vehicles (EV) 

poses a substantial hazard to the distribution network 

power quality if the number of EVs continues to 

increase. The feeding of these EVs from the grid in a 

manner that is both intelligent and flexible is an 

essential element of a smart grid. These battery-

powered electric cars are connected to the power grid 

by means of a converter circuit so that their batteries 

may be charged. The power quality of the structure 

that distributes electric energy to these EVs is seriously 

compromised as a result of these electric car chargers 

[75]. As a consequence of its non-linear charging 

mechanism, an electric vehicle (EV) pulls harmonics 

current, which in turn leads other customers 

connected at PCC to have difficulties with low voltage 

quality, which in turn creates problems for equipment 

that is linked to voltage quality. There are 2 different 

types of charging elements that may be used for 

various purposes. One of them is an ordinary charger, 

while the additional one is a rapid charger [76].  

The signal of the current strained by an EV is seen in 

Figure 9 both in the time domain and in the frequency 

domain [77]. Based on the results of the frequency 

study, it is abundantly obvious that EVs are a cause of 

harmonic emissions in the super harmonics band.  

 

 
Fig. 9: Current drawn by EV in time and frequency 

domain [77] 

 

There is a lot of room for study to be done in the field 

of potential solutions for increasing the power quality 

of electric cars, and while there is not a lot of 

published information on the subject, there are some 

strategies that have been recommended by researchers 

to help reduce the power quality issues that are 

brought on by charging systems for electric vehicles. 

The author of reference [78] suggested using a 

transformer-less hybrid series active filer for 

harmonics current correction, which guarantees a 

distortion-free voltage supply at PCC. This approach 

makes use of RES in order to enhance the power 

quality, and it also offers active power assistance to 

the grid. An other choice is to make use of a 

transformer-less hybrid single-phase shunt active 

filter. This kind of filter compensates for a broad range 

of harmonic current in an electrical vehicle that is 

linked to the grid and also offers reactive power 

assistance. In addition to that, this method provides an 

auxiliary service to the grid in the form of active 

power support [79]. Harmonics correction of the 

suggested SC with the DC capacitor voltage 

mechanism established the authors Fuka Ikeda et al. 

[80] studied technique for electric vehicles in single-

phase three-wire distribution feeders under the 

circumstances of distorted source voltage and load 

currents. This unique and straightforward control 

technique was able to provide balanced source 

currents while maintaining a power factor of unity.  

5.2 Power Quality Issues Caused by Domestic and 

Industrial Consumers 

The way in which domestic and commercial clients of 

contemporary power systems utilize energy has 

resulted in the emergence of new categories of power 

quality issues in the infrastructure of modern power 

systems. Directly driven drives have been substituted 

by totally power electronics converter based machines 

in the scenario of enhancing the energy efficiency and 

flexible controlling. This has resulted in improved 

energy efficiency. Electric heating has completely 

supplanted the more traditional use of gas for heating. 

LED lights, which use far less energy, have gradually 

phased out incandescent lighting [77]. According to 

the study published by the Department of BEIS in the 

UK in July 2017 [81], Table IV demonstrates how the 

typical amount of domestic applications in the UK has 

changed over time. Light bulbs and LEDs are both 

examples of lighting applications. Energy efficient 

light bulbs are another kind of light bulb. Electronics 

for consumers include TVs, DVD/VCR players, set-top 

boxes and so on. Home computing appliances include 

monitors, laptops, desktop computers, printers and 

multifunction devices. Examples include desktop and 

laptop computers, monitors, and printers. All of these 
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household equipment involve power electronics, 

which results in the production of harmonics. The 

battery charger is the central element of a significant 

variety of power electronics-based devices that are 

now capable of communicating with the grid. Because 

of this, there has been a rise in the amount of voltage 

and current distortion since the introduction of such a 

huge number of power-electronics based consumer 

goods for the household and industrial markets. Some 

tests have shown that extremely high efficiency LED 

lights may potentially be a source of supraharmonics 

[82, 83]. Even while the magnitude is usually rather 

modest, the rapid rise in the use of LED lights is a 

cause for worry over the quality of the electricity. The 

computer and the television are both examples of 

household gadgets that contribute to the production of 

harmonics in the supraharmonic range. Both the 

frequency and time domains are shown in Figure 10 

for the waveforms of the current drawn by LED and 

TV respectively [77]. Based on the results of the 

frequency analysis, it is abundantly evident that the 

two are the source of harmonic emission in the 

supraharmonics region. 

 

Table IV: Change in average number of appliances per household [81] 

Year Lighting 
Cold 

Appliances 

Wet 

Appliances 

Consumer 

Electronics 

Home 

Computing 
Cooking 

1970 16 1 1 2 0 1 

1980 20 1 1 2 0 2 

1990 22 1 1 4 1 2 

2000 24 1 2 8 1 3 

2010 26 2 2 13 3 3 

2015 27 2 2 13 3 3 

2016 27 2 2 13 3 3 

 

 
Fig. 10: Waveforms of current drawn by TV and LED 

[77] 

The aforementioned household user equipment was 

the subject of a full investigation that was provided by 

the author [84-85]. In a similar vein, automation has 

led to increased levels of harmonic emission in 

industrial settings, which has contributed to a 

significant decline in the quality of both voltage and 

current.  

6. Conclusion 

A complete assessment of growing power quality 

issues brought on by the modernization of the power 

system has been carried out in this article of writing. It 

has been noticed that new quality difficulties have 

surfaced as a consequence of variations in the 

methodologies that are used to generate energy, 

changes in the methods that are used to transmit 

energy, and current activities that are used to consume 

energy. The most cutting-edge approaches to 

resolving these problems have also been covered, in a 

sequential order. It's possible that more traditional 

approaches to addressing power quality problems 

aren't as effective as they may be. As a result, there is a 

need for an in-depth examination of the most recent 

field data, which must be gathered while taking into 

account contemporary forms of power equipment.  

The following are some proposals for the breadth of 

study that should be conducted in the future. 

 The necessity for thorough monitoring of 

power quality is necessitated by the ongoing 

and present changes in the power system. In 

order for the current standards to be raised to 

a higher level, it is vitally important to do 

more research on the resistance of power 

system components to the newly discovered 

types of disruptions. 

 There is a pressing need to place a greater 

emphasis on the analysis of data gathered 

from in-field quantities about the harmonic 
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spectrum of grid integrated RES and new type 

of consumer loads.  

 It is necessary to develop an innovative 

control method for grid-interfacing inverters 

that is capable of concurrently mitigating 

voltage and frequency fluctuations brought on 

by variations in renewable energy sources and 

disruptions on the grid side. 

 It is advised to do an analysis of the harmonics 

level in the grid, particularly when dealing 

with lengthy lengths of transmission wire. 

Harmonics level is an important topic that has 

to be researched in more depth, taking into 

account changes in line resistance with 

frequency as well as zero-sequence networks. 

 A smooth change of the micro grid from an 

autonomous operation to a grid integrated 

operation and then back to an isolated mode is 

also highly important, and the monitoring and 

mitigation of quality issues that are created 

during that transition may also be an active 

field of learning. 
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