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Abstract—The need of today is the transition from the 
dependence on fossil fuels and nuclear energy to the 
renewable energy sources as there is increase in demand 
of electricity day by day. While fossil fuels are the main 
fuel for thermal power, there is fear that they will get 
exhausted eventually in this century. Therefore, 
supplementary systems established on non-conventional 
and renewable sources are being tried by various 
countries. These are solar, wind, sea/ocean, tidal, 
geothermal and biomass energies. Whether renewable or 
non-renewable energy sources, the quality of the power 
supply is very important consideration for both power 
utilities and consumers. To the end users anything that 
gets affected by voltage, current and frequency of power 
being supplied is considered. Quality of the voltage can 
be verified with the power supply system, whereas the 
currents can only be verified with the loads that is 
connected. The challenge lies in maintaining the quality 
of power using renewable energy sources without getting 
disturbed by the grid integration of conventional energy 
sources.  This paper deals with power quality issues, 
impact of power quality using renewable energy sources 
and possible solutions for the improvement of quality 
power in the transmission of power system.  

Keywords—Renewable energy systems, Power Quality 
issues, Impact of power quality problems, Solutions in 
Power quality improvement  

I. INTRODUCTION  

The energy consumption of a nation is generally distributed 
into the following areas or sectors dependent on energy-
related activities. They can be subdivided into subsectors 
like: 

 Domestic sector 
 Transportation sector 
 Agriculture sector 
 Industry sector 

 

Consumption of a huge amount of energy in a country 
specifies increased activities in these sectors. The per capita 
energy consumption of a country is an index of the standard 
of living or prosperity of the people in the country. Based on 
traditional or long-term availability energy sources are 
mainly classified into Renewable and Non-renewable energy 
sources. [1] 

Non-renewable energy sources are finite and do not get 
restocked after their consumption are called non-renewable, 
e.g.: fossil fuels, uranium etc. Renewable energy sources, 
which are renewed by nature repeatedly and irrespective of 
rate of consumption its supply is always there at any cost, are 

called renewable. e.g.: solar, wind, biomass, ocean, 
geothermal, hydro. Etc. 

 
Fig1: Installed Capacity as on 31st March 2020 

In the last few decades, there is an enormous amount of 
increase in energy demand. In India, domestic, commercial 
and industrial energy consumption is very high. Because of 
the disadvantage of fossil fuel production, we are moving 
towards the usesage of renewable energy sources in not only 
centralized network but also more predominantly as 
distributed energy system. Common sources of renewable 
energy sources utilized is solar and wind energy in India. 
Rajasthan is currently the Top Solar State in India with 8.2 
GW of Installed Capacity. The largest wind9 power plant in 
India is Muppandal windfarm the total capacity is 1500 MW. 

Table1: Installed capacity of India as on 31st Oct 2021 

Energy 
Source 

Total Capacity 
(MW) 

% of Total 
Capacity 

Coal 2,01,995 52% 
Hydropower 46,512 12% 

RES 1,03,055 26% 
Natural Gas 24,900 6% 

Nuclear 6,780 2% 
Others 7,549 2% 
Total 3,90,791 100% 

 

This energy generation, transmission and distribution is 
entitled to a definition called as power system. Renewable 
energy systems can be connected either in stand-alone 
system or as grid-connected system. When it is connected to 
the grid, the source can be from various renewable energy 
systems, which it will not be able to handle excess power 
penetration, which will lead to power quality issues like 
frequency variation, voltage instability, power factor 
correction and harmonics. Specifically in power systems, lot 
of variations can happen in transmission and distribution side 
because of the connections from different renewable energy 
sources this can affect the stability and power quality of a 
power system. Irrespective of different uncertainties, it is 
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very important to maintain a healthy power system. 
Renewable energy sources have a greater disadvantage that it 
is very irregular in nature, therefore it’s a tedious task to 
supply power to the grid using renewable energy sources 
without affecting the power quality of the system.[1] 

In order to reduce the load on transmission line systems, 
distributed generation (DG) is the latest trend in providing 
power at distribution level. Grid is operated at standard 
conditions so that it can supply electricity to the end user in a 
safe and effective manner. This is called as power quality 
requirements. The requirements of voltage and frequency 
regulation, power factor improvement and harmonics need to 
be accessed and monitored regularly.  

II. RENEWABLE ENERGY SYSTEMS 

The power system consists of three major sectors i.e., 
generation, which is central owned, state and private players. 
The transmission mostly owned by state and central. The 
distribution mostly state owned with interests from private 
players as well. The focus of setting up renewable energy 
systems is itself a noteworthy criterion. There was a 
significant rise in thermal capacity from 1980 to 1990. By 
1990, Indian government had reached its limit of assisting 
the electricity sector. Even World Bank was rethinking 
investments in Thermal & Hydro plants. The Indian 
Government was falling short of funds. Two approaches 
were introduced by the government in late 90’s to focus on 
energy management as the demand was constantly increasing 
and there was only thermal power being added and it was 
realized that CO2 emissions need to be reduced. Increase in 
renewable energy generation and efficient use of energy are 
the two main approaches to reduce CO2 emissions. 

The more predominant use of renewable energy systems 
across the world is Solar & Wind Energy.  

Solar PV: Photovoltaic systems can be stand-alone or 
grid connected PV system. In case of the former system, 
battery is required and it is not connected to the grid. In case 
of the later system i.e., grid connected system the use of 
battery is restricted here. The PV output that is the DC power 
generated can be given to the grid via inverter in two ways of 
metering system. One is net metering system where the 
power is utilized by the consumer first and then the excess 
power is given to the grid. In net metering, it consists of bi-
directional meter and it generates only one bill. In case of 
gross metering system the output power of PV is given 
completely to the grid via inverter and consumer receives the 
power from the grid. It consists of two meters one export and 
other import meter. It generates two bills. [1] 

Wind Power: Wind power plants are the main structure to 
produce power from wind. From the time of its invention to 
now it has come a long way. Wind power plants have 
successful installation of both on shore and off shore power 
plants. The combination challenges existing may vary 
amongst onshore and offshore wind power plants, precisely 
for exceptional transmission technologies for offshore plants. 

Wind and solar energy are very intermittent in nature due to 
which they experience many disturbances. As we know, for 
wind turbines to operate wind energy is essential and for 
solar electric system to operate suns energy is essential. 
Accordingly, wind and solar output also will vary. This 
variation can lead to frequency and voltage fluctuation 
connected to the power grid. When a situation like this 

arises, we need a proper balance between supply and demand 
by utilizing extra energy. 

Power quality issue that disturbs renewable energy 
integration is due to power grid-side turbulences. The power 
grid-code necessities for grid linked renewable power plants 
have practiced a nonstop progress in diverse countries to 
safeguard a dependable power system operation. 

III. POWER QUALITY ISSUES 

 
The value of power helps in determining a wide variety of 
electromagnetic phenomena, which represents the voltage at 
a given time and location on the power system. Electricity 
with a low quality of power is inefficient both at the utility 
and consumer side, which rises for need to be focused on the 
quality of, power being supplied to the loads.  Most of the 
electrical devices are subjected to failure when exposed to 
any one of the power quality issues such as voltage 
surges/spikes –a rise that is instantaneous or takes place over 
a long duration caused by switching off the heavy electrical 
equipment, which is nothing but a sudden variation of the 
voltage for durations from a several microseconds to few 
milliseconds as shown in the figure below 

 
Fig2: Voltage Spike 

Normal voltage levels reduction between 10% and 90% of 
the nominal root mean square (rms) voltage at the power 
frequency, for durations of 0.5 cycles to 1 minute is known 
as Voltage sag/dip which is depicted in the figure below.  

 
Fig3: Voltage sag or dip. 
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Voltage swell – is an increase in root mean square (RMS) 
voltage at the power frequency for durations of 0.5 cycles to 
1 minute as shown below. It is mainly due to frequent 
Start/stop of heavy loads, badly regulated transformers 
during off-peak hours. 

 

Fig4: Voltage swell 

 Harmonic distortion- The non-linear devices employed in 
the power systems in which current is not proportional to 
voltage is the major reason for harmonic distortion to 
happen, which is stressed in electrical machines working 
above the knee value of magnetic saturation which refers to 
non-sinusoidal nature of waveform corresponding to the sum 
of different sine-waves with varying magnitude and phase, 
having frequencies that are multiples of power-system 
frequency as shown in the figure below. 

 

 
Fig5: Harmonic distortion 

Voltage fluctuation –is a methodical variation of the voltage 
envelope or random voltage changes caused by frequent 
start/stop of electric motors and oscillating loads as shown in 
the figure below. 

 
Fig6: Voltage Fluctuation 

Various issues caused by Voltage Fluctuations are shown in 
the block diagram below. 

 
Fig7: Block Diagram of various issues caused due to Voltage 
Fluctuations. 

Unlike traditional large and central power plants, renewable 
units are distributed and controlled independently with their 
unpredictable nature producing irregular power generation 
with fluctuations. Due to advancement in technology the 
dependence on renewable energy is increasing whose 
penetration over the period also increases, resulting in large 
fluctuations which stance serious concerns regarding power 
quality. Power quality disputes in the integrated systems may 
also appear on the power system due to the instabilities from 
the grid side too. Renewable sources particularly wind and 
photovoltaic systems are the one’s which are prone to 
nature’s changeability which is uncontrollable even though 
there is advancement in the technology with respect to 
prediction of wind speeds and weather conditions. When a 
grid is encompassed with large number of power electronic 
devices, as a part of the renewable integration, rotational 
inertia of the system is significantly reduced resulting in the 
degradation of stability of the system frequency and lead to 
hazardous circumstances. Power electronic converters play a 
major role in renewable energy generation systems where in 
their design and characteristics are such that it persuades 
harmonics into the power system network. 

For the power system to function economically, the power 
quality should be well maintained since it is a vast concept 
relating to optimization. The effects on the power quality as 
mentioned earlier like voltage sag/swell, voltage fluctuations 
etc. have to be addressed seriously. 

In India, the awareness of power quality existed amongst a 
very small section of electronic equipment users and 
manufactures. Most of the times, the customers  have 
insufficient Knowledge on  the components they are 
working with or  less time to concentrate  on recognizing, 
characterizing and finding a solution to the existing  power 
quality problems which rises an awareness to be created in  
manufactures to handle the type of disturbances which 
might occur on power systems. 
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IV. SOLUTIONS FOR POWER QUALITY 

PROBLEMS 
To mitigate the quality of power that  occurs at various 
levels, including transmission, distribution, and end-of-use 
devices.  
 

 
Fig 8: Power quality Issues 

 
To address these power quality challenges, appropriate 
transmission and distribution grids with suitable design and 
maintenance are required. 
 
Compensation techniques are broadly classified as: 
1. Passive 2. Active  

 
Passive techniques are employed with Shunted LC Filters, 
Power Factor Correction Capacitor devices. However, 
Active techniques employing PWM Active Filters along the 
devices. 
 
I) UNIFIED POWER QUALITY CONDITIONER 
(UPQC) 

The unified power quality conditioner is commonly called 
UPQC. The design configuration is based on the connection 
of series and shunt inverters. It is a multifunction power 
conditioner that are used to adjust variety of power supply 
voltage disturbances, correct voltage fluctuations, and 
prevent harmonic load current from entering the power 
system. UPQC is the result of combining DSTATCOM and 
DVR. 

In a power transmission system, a UPQC is used to execute 
both shunt and series compensation at the same time. 
Unbalance, distortion, and even dc components can all be 
found in a power distribution system. As a result, a UPQC 
outperforms a UPFC, which comprises of two voltage 
source inverters coupled back to back in a single phase, 
three wire, and four wire system via a Dc link capacitor. 
 

 
Advantages  

 Reduces harmonics and signal.  
 Advance the quality of power.  
 In any generation system if disturbance occurs then it 

can be reduced 
Disadvantage  

 Complicated Central Control System 
 Very high conduction loss   
 Capacity enlargement is difficult. 

Applications  
 Voltage and current harmonic mitigation,  
 Improve PF 
 Easing of voltage sag, swell and voltage dip. 
 Source current and output voltage THD improved.  
 Satisfactory performance during transient condition. 

 
II) VOLTAGE SAG MITIGATION  

Currently this is one of the most serious glitches that the 
power system network is experiencing, and it is affecting the 
operation of all electrical equipment, as seen in figure 
below. As a result, there is a need to address this issue in 
order to preserve the network's efficiency. 

 
Fig 9: Voltage Sag 

With the use of customized power devices that will solve the 
problem such as Dynamic Voltage Restorer, D-STATCOM 
etc. are used to diminish the voltage fluctuations. A DVR 
(Dynamic Voltage Restorer) is an efficient converter tool 
proposed to warranty the perceptive burdens from all the 
ends disturbing effects other than deficiencies. It is a series 
connected device used to inject voltage to overcome the sag 
and swell that exists in the power system at specific 
frequency. The structure of a DVR is shown below:  
 
Modules: 

 Voltage Source Inverter  
 Direct Current storage unit 
  A Filter  
 OneSeries Transformer  
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Fig 10: Digital Voltage Restorer 

 
VSI uses solid state switches such as IGBTs or GTOs to 
convert DC input to AC. It's used to compensate for a drop 
in supply voltage by injecting an AC voltage. To generate 
the desired magnitude and frequency of voltage, the VSI 
switches are controlled using the PWM approach. 
Batteries/capacitors or a flywheel comprise the storage unit 
(SU) (SMES). During the sag, energy is consumed from the 
faulty grid supply for DVRs with internal storage capacity. 
An LC filter (FC) is attached to the VSI's output to filter 
harmonics at the output and lessen the voltage stress on the 
windings of transformer's. 
The DVR is connected to the distribution feeder through a 
series transformer (ST). Instead of 3-phase transformers, 
three single phase transformers are used to connect the DVR 
to the power network in a three phase system [5]. 
 
ATTRIBUTES:  
 
 Low cost & small size 
 Fast dynamic response to any kind of disturbances.  
 Able to control active power. 
 Energy capacity is very high 
 Less maintenance. 

 

III) HARMONICS  

Effects of harmonics in a power system are usually: 
Reduced performance, transport and usage of generating 
systems. The ageing of insulation on the grid, lead to energy 
reduction. Harmonics are integer multiples of the 
fundamental frequency (sinusoidal) at which the system is 
designed to function, according to IEEE. Harmonics results 
in distorted waveform and a non-sinusoidal shape. As 
illustrated in figure below the non-sinusoidal shape is 
formed by adding together sine waves of various 
magnitudes and phase angles, that are multiples of the 
system frequency. 

  

 
Fig 11: Harmonic Waveform in Distorted form  

The majority of the loads are nonlinear in nature resulting in 
widespread use of all types of industrial applications. 

 The predominant sources are: 
 Converters  
 Switch-mode power supply (SMPS) 
 Different modulation techniques used in 

transmission circuits for active power and voltage 
regulation. 

 High-frequency converters for industrial 
applications 

 Im (magnetization current)  
 Converters for HVDC systems. 
 Converters to control speed for drive applications. 

 
With increased application of power electronics equipment 
and the resulting increase in THD, it has become a major 
problem for many industrial/commercial end-users in the 
overall power system. To defend against high levels of 
harmonics, isolation of the source, phase angles, pulse width 
modulator (PWM), and the use of passive or active 
harmonic filters are all used. 
 
Due to the nonlinear properties of loads and equipment, 
harmonics exist in the electrical power system. These 
components act as current sources, injecting harmonics into 
the system. These harmonics results in voltage distortion, 
dips in the system impedance. System becomes nonlinear in 
nature. 
The following are some more effects of a high harmonic 
level in the system: 
[1] Neutral overload in three-phase systems  
[2] Electric machine inefficiency 
[3] Resonance 
[4] Thermal protections tripping as a nuisance. 
[5] Measuring errors with average reading metres 
[6] Electromagnetic interference (EMI)  
 
 
 
IV POWER SYSTEM STABILITY PROBLEM 
 
As illustrated in figure below, the stability of a system can 
be classified into three main categories as: 

Stability of  

a. Rotor angle  
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b. Frequency and  

c. Voltage 

 As a result, several perspectives on stability issues are 
presented, resulting in all the above form mentioned . The 
ability of the system to keep the electromagnetic and 
mechanical torques of each generator in balance is referred 
to as rotor angle stability. Some generators lose 
synchronism with other generators as their angular swings 
increase, resulting in instability. Maintaining steady state 
voltage across all the buses in the system when the system is 
normally operated or operated even after interruption referrs 
as voltage stability. 

 

 
Fig 12 : Classification of Power System Stability 

 

IV. INTEGRATION OUTCOME OF POWER QUALITY 

USING RENEWABLE ENERGY SOURCES 

The power quality issues experienced by the consumers in 
vast majority is related to sags, harmonics and transients. 
There are other disturbances too which can affect the power 
quality conditions like swell, under voltage, overvoltage, 
interruptions, dc offsets, notching, noise, voltage 
fluctuations and frequency variations. All these problems 
can be resolved but the concern here is to maintain/reduce 
the capital and operational expenses. If these costs increase, 
then automatically it indicates that power quality problems 
are also increasing. We need a good combination of 
renewable energy systems with the grid so that power 
quality events and conditions can be measured and operated 
with minimum erros/issues. 
 
These power quality issues are unwanted phenomenon, 
which are unavoidable but can be reduced using all these 
techniques mentioned above. There is no one solution that 
will prevail till the end. Therefore, power quality issued 
cannot be eliminated but can be reduced using various 
techniques suitable for the grid applications.  

 

V. CONCLUSION 

The thorough analysis of power quality issues with the 
integration of grid with renewable energy sources has been 
highlighted in this paper. Generation of power with respect 
to the practices been carried out now arise the need for 
serious monitoring of associated power quality issues. In 
this paper, Renewable energy installed capacities and types 
of renewable energy sources widely used in the world is 
analyzed first. Power quality problems like voltage sag, 
swell, harmonics, voltage fluctuations etc. has been laid 
down. To mitigate these issues integrated with renewable 
energy sources as well as in order to monitor continuous 
power supply, few power quality solutions such as UPQC, 
Voltage sag mitigation, power system stability problem, 
using FACTS Controllers have been suggested in this paper. 
These solutions play a crucial role in mitigating power 
quality issues in green energy based grid applications.[8] 
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