
Sakarya University Journal of Science
ISSN 1301-4048 | e-ISSN 2147-835X | Period Bimonthly | Founded: 1997 | Publisher Sakarya University |

http://www.saujs.sakarya.edu.tr/

Title: Assesment of Power Quality Disturbances For Grid Integration of PV Power Plants

Authors: Gökay Bayrak, Alper Yılmaz

Recieved: 2018-03-27 17:25:14

Revised: 2018-07-12 10:09:47

Accepted: 2018-08-01 13:44:10

Article Type: Research Article

Volume: 23

Issue: 1

Month: February

Year: 2019

Pages: 35-42

How to cite
Gökay Bayrak, Alper Yılmaz; (2019), Assesment of Power Quality Disturbances For
Grid Integration of PV Power Plants. Sakarya University Journal of Science,
23(1), 35-42, DOI: 10.16984/saufenbilder.407323
Access link
http://www.saujs.sakarya.edu.tr/issue/38708/407323

New submission to SAUJS

http://dergipark.gov.tr/journal/1115/submission/start



Assesment of Power Quality Disturbances For Grid Integration of PV Power 
Plants 

Gökay BAYRAK*1, Alper YILMAZ 

ABSTRACT 

Power Quality problems, which have become an important consumer issue in recent years, are defined 
as changes in voltage, current, or frequency in the power system. Among the factors affecting energy 
quality in grid-connected PV systems are island mode operation, current and voltage harmonics, 
transients, flicker, interruption, DC offset, notches, frequency changes, voltage sag/swell, voltage 
imbalances in the system and power factor. Several transmission and distribution losses consist of both 
the consumers and the generators sides because of the power quality problems. The integration of PV 
power plants to the main grid will cause several power quality problems so a reliable operation of the 
grid with PV power plants is a significant issue for a distributed generation. Thus, the first step in 
preparing a reliable algorithm for detecting power quality events occurring in the current grid is to model 
a power system in which power quality impairments can be analyzed. In this study, the power quality 
disturbances that occur in the low-voltage grid that is fed through both the main grid and the grid-
connected PV system are modeled and investigated. Developed electric power distribution model 
includes simulation of voltage sags caused by the three-phase fault, transformer energization and 
asynchronous motor switching, voltage swells caused by the three-phase fault, transients due to large 
capacitor bank switching, harmonics and notches caused by the load connected via the power converter. 
Examination of the power quality disturbances with simulation clearly revealed the resulting waveforms, 
the response of the electrical power system to the fault conditions. Another advantage of the realized 
study is that the developed model can be used to measure the performance of the PV connected 
distributed generation system in fault detection and classification studies. 
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1. INTRODUCTION 

The ever-increasing involvement of new 
consumers in the electricity grid, changes in user 
needs, electricity market expectations, and 
extreme dependence on today's society's 
advanced technological services are triggering 
more reliable and more flexible electrical 
infrastructure work. For this reason, integration 
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of renewable energy sources into the existing 
electricity network and the identification and 
prevention of power quality (PQ) problems have 
become a priority issue [1]. 

PQ parameters are a set of limits that allow an 
equipment to operate as intended without 
significant performance and life expectancy loss 
[2]. Any PQ problem that causes voltage, current 
and frequency deviations can lead to failure of 
consumer equipment or improper operation of 
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equipment. Among the factors for power quality 
are island mode operation, harmonics, transients, 
flicker, interruption, DC current injection, noise, 
notches, frequency changes, voltage sag/swell, 
voltage imbalances in the system and power 
factor. 

Distributed energy sources, which are increasing 
in popularity each year in the electrical energy 
market, play an important role in overcoming the 
global energy crisis. The rapid decline in the 
production costs of photovoltaic (PV) power 
plants over the last few years has led to the rapid 
development in PV energy systems. The 
integration of a grid-connected PV system with 
the existing grid and the identification of PQ 
problems and the establishment of conditions for 
identifying these problems have become an 
important issue. 

The first step in preparing a reliable algorithm for 
detecting and mitigation PQ events occurring in 
the current grid is to model a power system in 
which PQ disturbances can be analyzed [3]. 
Classification based fault detection methods 
(artificial neural networks [4], decision trees, 
support vector machines [5], feature extraction) 
and field alternating fault methods (Fourier and 
Wavelet transform) utilize the fault signals 
obtained by modeling the electrical grid [6-8].  

Waveforms of power quality impairments can be 
obtained by mathematical methods, simulation 
studies and real-time data obtained through the 
power system. It is proposed by a mathematical 
method for the analysis of waveforms resulting 
from PQ problems [9]. A Labview-based power 
quality signal generator has been proposed that 
can reproduce PQ disturbances that overlap with 
actual system data in another study [10]. One of 
the studies carried out, detection and 
classification of islanding and PQ disturbances 
were performed in a distributed generation (DG) 
based hybrid power system connected to the 
main grid [11]. In [12], PQ disturbances were 
identified and classified using real data collected 
from the system. 

In this paper, the PQ disturbances that occur in 
the low-voltage grid that is fed through both the 
main grid and the 1 MWp grid-connected PV 
plant are modeled in MATLAB / Simulink 
environment. Developed electric power 

distribution model includes different types of PQ 
disturbances simulation such as voltage sags, 
voltage swells, transients, harmonics and 
notches.  

2. POWER QUALITY DISTURBANCES IN 
GRID-CONNECTED PV PLANTS 

Different international standards for regulating 
power quality have been established. For 
example, IEEE 1547 standards set limits for total 
demand distortion (TDD) and amplitude of 
harmonic currents delivered to the main grid by 
grid-connected PV systems [13, 21]. Another 
important standard for research is the IEEE Std. 
519, which specifies voltage and current 
harmonic limits [14]. Apart from these, IEEE 
Std. 1159 offers some suggestions for monitoring 
the quality of power events [15]. In this study, the 
fundamentals of the power quality events and the 
restrictions that are defined for the reliable grid 
operation are investigated. 

2.1. Voltage Fluctuation 

When PV power plants enter and exit the circuit, 
it may cause a voltage drop or rise. These values 
are limited to ± 3.3% V according to IEC 61000-
3-3 standards [16]. In addition, the effective 
value of the voltage provided by the PV plant 
may deviate by ± 10% of the nominal value at 
95% of the year, according to the standards. 
When voltage analysis is performed, the limit 
values that the system can tolerate should be 
analyzed. 

2.2. Long and Short-time Voltage Variations 

Variations in the effective value of the nominal 
voltage that occurs over a period of more than 
one minute are called long-term voltage 
variations, while short-term changes in the 
nominal voltage of the grid are called short-term 
voltage variations. Depending on the magnitude 
of the voltage change, long-term voltage 
variations can be classified as under-voltage, 
over-voltage, and continuous interruption. 

Voltage sag/dip is defined as a 10% to 90% 
reduction in effective voltage, limited to a time 
interval of 10 ms to 60 s on a system operating 
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under nominal conditions (IEEE Std. 1159). This 
disturbance is caused by the switching of high 
power motors, overloads and short circuit faults 
along the line. 

Voltage swell is defined as a 110% to 180% 
increase in voltage, limited to a time interval of 
10 ms to 60 s on a system operating under 
nominal conditions (IEEE Std. 1159). Along 
with being a type of malfunction that is not often 
seen in the electrical system, the maneuvers in 
the power system, such as the disconnection of 
large inductive loads or the actuation of large 
capacitor banks, result in voltage swells. 
Depending on the fault location and power 
system conditions, a fault or PQ problem may 
cause a voltage drop, swelling or interruption. 
Waveforms of voltage sag, voltage swell, and 
voltage interruption are shown in Fig. 1. 

 

 
       (a)                                           (b)                   

 
                                 (c) 

Figure 1. Signal samples of (a) Voltage Sag, (b) Voltage 
swell, (c) Voltage interruption  

2.3. Voltage Imbalance 

For the low-voltage (LV) system, the imbalance 
should not exceed 2% in 95% of the 
measurement time according to the EN 50160 
standards, which are based on only the negative 
component of the voltage. In order to prevent 

voltage imbalance, the power of the PV plant 
must be distributed equally. 

2.4. Harmonics 

The ratio of the total effective value of the 
harmonics outside the fundamental harmonic in 
the voltage and current waveform to the effective 
value of the fundamental harmonic is defined as 
the total harmonic distortion (THD). 

THD =
ඥ∑ 𝑉௡ଶஶ

௡ୀଶ
𝑉ଵ
൘                                           (1) 

where 𝑉௡ is the amplitude of the n-th harmonic 
components,  𝑉ଵis fundamental componenet. 

Depending on the IEEE 519 standards, the total 
harmonic distortion for voltage in the power 
system is limited to a maximum of 8% in low 
voltage grids. In addition, each harmonic value is 
limited to be less than 5%. The most commonly 
used power quality standards for low voltage 
systems are IEC 61000-2-2, IEC 61000-3-2, and 
61000-3-4 respectively. According to these 
standards, the THD amount must be less than 8% 
up to the 40th harmonic value. Fig. 2 shows 
harmonics caused by the universal bridge 
connection.  

 
Figure 2. Harmonics caused by universal bridge 

connection 

2.5. Notches 

The notch is a voltage waveform distortion of the 
converter in a period of the voltage in a system 
operating at the grid frequency, which is 
proportional to the number of pulses of the 
converter [17]. This distortion is shorter than half 
a period. Since the frequency components 
generated by the notch effect are too high, they 
cannot be identified with conventional harmonic 
measuring devices. According to the IEEE 519-
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