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1. Introduction 
Recently, Solar photovoltaic (PV) systems are quickly 

growing in distribution networks. Solar Energy considers 

as one of the most auspicious solutions to fulfill the 

electricity demand in the present and future. PV systems 

include power electronic devices that have an influence on 

the power quality of the grid in the form of harmonic 

distortion [1-2].  Power electronics in residential and 

commercial loads are a key source of distribution system 

harmonics, and the proportion of power electronics-based 

loads is projected for sustained growth in the future [3-4]. 

The presence of harmonics is one of the most important 

issues of power quality in utility networks. Harmonics are 

produced due to the nonlinear behavior of loads [5]. 

Moreover, solar systems connected to the utility network 

can impose a negative impact on the power quality 

indexes. These impacts on utility network characteristics 

will be more and more affected by both, the harmonics 

injected from the non-linear loads and solar systems. 

Some research focused on investigating the above-

mentioned effects on the utility grid [6-7]. To tackle this 

challenge, a new strategy is presented for harmonic 
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Due to the increasing penetration rate of solar systems in electrical power distribution networks, 

the technical studies are required on power quality standards of utility grid Caused by solar 

system effects. This paper investigates the solar system connected to the utility grid in the view 

of the harmonic effects. The effects of temperature and sunlight changes are discussed on the 

harmonics produced by solar cells and its effect on the distribution network and the 

performance of its various components. Furthermore, Analysis of the current THD is carried out 

for the two cases, using and without using sun tracker technology at the point of common 

coupling between the solar system and utility grid. Then, the results are compared with each 

other. The obtained harmonic distortion values are compared with the specified limits in the 

standard IEEE STD 519-1992. Finally, simulation results verify the environmental model of a 

photovoltaic system. 
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reduction using grid-connected photovoltaic inverters by 

using the Discrete Fourier Transform method and 

considering the free capacity of the inverter [8]. 

Furthermore, an optimal passive harmonic filter planning 

is proposed for THD mitigation from a cost objective 

function perspective [9].  
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 Figure 1. a solar system connected to the network 

 
This paper presents an investigation of the atmospheric 

effects on generating harmonic distortion in a solar farm. 

The model used in this study is based on [10] as shown in 

Fig. 1. In the following, different parts of a solar 

interconnected network are discussed. Since the study 

requires software for simulation of the solar system, 

PSCAD has been chosen to simulate the interconnected 

solar system network [11]. In section II, the details of an 

interconnected solar system network are described 

including model, control, and performance of various 

components. In section III, harmonic distortion analysis 

injected from the solar systems connected to the network 

is studied with changing weather conditions during the day 

with and without using the sun tracker. All the results will 

be discussed based on the standard IEEE519-1992 [12]. 

2. Solar System Model 

As shown in Fig. 2, solar system model used in this 

study includes a solar farm, DC link capacitor, DC-DC 

converter, and the maximum power point tracker system, 

three-phase inverter, AC filter, transformer, and the utility 

grid. In the following, different parts of a solar 

interconnected network are discussed. 

Solar Cell 
    A solar cell is formed from semiconductor devices 

that produce electricity by the photovoltaic effect. 

The equivalent circuit of the solar cell used in 

modelling and the value of its parameters are shown 

in Fig. 3. (1) and (2) definite solar cell relations [6]. 
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Figure 2. schematic of the solar system 

 

Figure 3. The equivalent circuit of a solar cell. 
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 where T is the temperature between P and N junction 

of solar cells in terms of K, K is Boltzmann's constant, a is 

the constant of ideal diode, sR  is the equivalent resistance 

of series solar arrays, G is the amount of solar radiation on 

the cell surface in terms of watt per square meters and nG  

is the nominated solar radiation on the surface of the solar 

cell. 

 The model can use a certain number of cells in series 

and parallel connection to form a solar farm with the 

ability to provide high electrical power.  the power output 

of each cell is 650 watts. so, for the total number of 400 

solar cells is equal to 260 kW. Increasing the amount of 

solar radiation can increase the short circuit current while 

increasing the temperature can reduce the open-circuit 

voltage of the solar cell. 

 

 

DC-DC Converter 
DC-DC converter plays an important role in solar 

systems[13-14]. Here, the DC-DC converter is a buck 
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converter that is used to maximum power point tracker by 

controlling the voltage across the DC link capacitor and 

solar cell arrays. By producing the reference voltage that 

feeds a PI controller and the switching signals of the DC-

DC converter, the voltage across the solar cell follows the 

reference value. 

Maximum Power Point Tracker (MPPT) 
In Fig. 4, a maximum power point tracking model to 

generate the reference voltage is shown. At the first, solar 

cell output current ( PVI ) and its output voltage ( PVV ) 

are passed from a first-order low-pass filter. To filter out 

high-frequency components, the time constant is T = 0.01 

seconds and the gain is G = 1. The filtered voltage and 

current signals ( PVFPVF VI , ) feeds the maximum power 

point tracker which uses algorithms of increasing 

conductivity. This algorithm is based on the slope of the 

output power curve of the solar cell. The output power of a 

solar cell (axis y) versus its voltage (axis x). The curve is 

shown in Fig. 5. As it is seen at the maximum power point, 

the slope of this curve is zero with positive and negative 

slope at the left and right-hand side of the point. Therefore, 

the maximum power point is tracked by comparing I/V and 

∆I/∆V based on (3) [15]. 

maximum point

left side

right side

I V I V

I V I V

I V I V

   

  
   

               (3) 

The maximum power point tracker produces the voltage 

reference ( MPPTV ). The algorithm  MPPTV
 
is increased 

or decreased to tracking the maximum power point 

according to climate variations. The reference voltage is 

used as a control input of the DC-DC converter.  

 

MPPT
1

G

GS

pvV

mpptV

pvI

PVFI

PVFV

1

G

GS
 Figure 4. The model of maximum power point tracker 

 

 

Figure 5. The output power of a solar cell versus its 
voltage. 

Three-Phases Inverter 
To join a solar system to a utility grid, the DC output 

power of the buck converter should be converted to a three-

phase AC voltage using a three-phase inverter. Also, the 

inverter should maintain the input DC voltage (the output 

of the DC-DC converter) at a constant amount. In the 

simulated model, the three-phase inverter includes a simple 

active and reactive power regulator circuit, the fire pulse 

generator and a three-phase bridge inverter. 

Utility Grid 
The model of the utility grid system concerning the 

standard range of medium voltage in Iran is equivalent to a 

source of 20 kV and 50 Hz. As illustrated in Fig. 2, there is 

a system inductive impedance located behind the source. 

Tracking Solar Array 
If the surface of solar cells that receives the energy of 

the sun, moves with the motion of the sun, get the energy 

of the solar cells will increase. In the days when the arc 

motion of the sun and its radiation are high, the solar 

tracker system resulted in a significant increase in power. 

Using the tracking system in summer and in winter about 

50 percent and 20 percent respectively more energy will be 

absorbed. Moreover, using the solar array tracker increases 

the number of hours of getting solar energy to meet power 

quality standards. Variations of the sunlight radiation on 

the surface of the solar cell, during different hours of a day 

for the longest and shortest days of a year, 20th June with 

16 hours’ sunlight and 20th December with 10-hour 

sunlight respectively, are illustrated in Fig. 6. Two cases of 

using sun tracker and without using it, are shown 

comparably. As it is seen, the sun tracker has a significant 

effect on the value of absorbed energy [11,16]. 
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3. Analysis of Harmonic Distortion 

Harmonics are sinusoidal components of a signal with 

frequencies multiple of the fundamental frequency. 

Harmonics in solar systems are due to the switching of 

converters that do not generate a complete sinusoidal wave. 

Both solar systems connected to the network and non-

linear loads that are already connected to the grid inject 

harmonic. Therefore, more stress is forced into the grid 

power quality index. To maintain power quality at an 

acceptable level, some standards for distributed systems 

must be set and applied. The IEEE STD 929-2000 is one of 

the main that gives practical recommendations contains 

guidance regarding equipment and functions necessary to 

ensure compatible operation of photovoltaic (PV) systems 

that are connected in parallel with the electric utility [17]. 

Also, harmonic distortion recommendations that are 

presented in the standard IEEE STD 519-1992 must be met 

at the point of common coupling where the solar system is 

connected to the medium-voltage network. 

In the model, the point of common coupling (PCC) is 

placed between the transformer and the electric network. It 

should ensure that the output current of the solar system 

has an acceptable level of harmonics.  It requires attention 

to section 10 of the standard IEEE STD 519-1992 that is 

summary is presented in the following. Total harmonic 

distortion of current should be less than 5% of the main 

component of inverter output current. Each harmonic 

component should have a percentage with limits listed in 

Table 1. The limits of Table 1 are related to the point of 

common coupling. It should be noted that even harmonics 

are less than 25% of odd ones in their ranges. 

4. Simulation Results 

Fig. 7 depicts the total harmonic distortion of phase A 

current at the point of common coupling as a percentage of 

the main harmonic. In this case, sunlight has been modeled 

based on Fig. 6 on 20th June using sun tracker technology. 

As is seen in Fig. 6, 16 hours is available to extract solar 

energy, but according to what is specified in Fig. 7, 

considering a total harmonic distortion of phase A, 10 hours 

(7 to 17) meets the standard IEEE STD 519-1992 limits. 

Fig. 8 illustrates individual harmonic distortion at 7 

o’clock. It is clear that the total harmonic distortion of the 

current of the point of common coupling is less than 5% in 

10 hours during the day, as well as the limitations of Table 

1, are met. As depicted in Fig. 9, without using sun tracker 

technology, only in five hours (9 to 14) total harmonic 

distortion is less than the limits of the standard. Fig. 10 

illustrates individual harmonic distortion at 9 o'clock. 

As illustrated in Fig. 6, only in 10 hours (7 to 17) of the 

day there is the sunlight on 20th December. According to 

Fig. 11 and the percentage of total harmonic distortion of 

phase current at the PCC and using the technology of the 

sun tracker, only in 2 hours (11 to 13) meets the standard 

IEEE STD 519-1992 limits are met and at other times of 

the day, it exceeds the standard limits. Fig. 12 shows 

different harmonic distortion at 11 o’clock which are less 

than the limits of Table 1. Fig. 13 illustrates the total 

harmonic distortion of the current of phase A at the point of 

common coupling without using a sun tracker technology 

on 20th December. As it is seen the total harmonic 

distortion of phase A exceeds the limits of standard IEEE 

STD 519-1992 during the day. So the sunlight energy is not 

effectively absorbed. Therefore, the need for a sun tracker 

technology is essential. In Fig. 14, individual harmonic 

distortion at 12 o'clock is illustrated which is more than the 

limits of Table 1.  

 

Table 1. Harmonic distortion limits of current at 

common coupling point for a six pulses converter based on 

the standard IEEE STD 519-1992. 

Distortion limits Odd harmonics 

>4% 9-11 

>2% 11-15 

>1.5% 17-21 

>0.6% 21-23 

>0.3% Higher than 23 
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 Figure 6. The sunlight radiation on the surface of the solar cell. 

 

                         
Figure 7. Total harmonic distortion on 20th June using sun tracker technology. 

 

Figure 8. individual harmonic distortion on 20th June using sun tracker technology. 
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                    Figure 9. Total harmonic distortion on 20th June without using sun tracker technology. 

 

 

Figure 10. individual harmonic distortion on 20th June without using sun tracker technology. 

                   Figure 11. Total harmonic distortion on 20th December using sun tracker technology. 
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Figure 12. individual harmonic distortion on 20th December using sun tracker technology. 

 

Figure 13. Total harmonic distortion on 20th December without using sun tracker technology. 

 

 

Figure 14. individual harmonic distortion on 20th December without using sun tracker technology. 
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5. Conclusion 

In this paper, the effects of climate change have been 

investigated on the harmonic distortion of the solar system 

on the longest and the shortest day of the year and the 

effect of using a sun tracker technology. Some standards 

have been discussed for the connection of solar systems to 

the utility grid. The harmonic distortion analyses have been 

carried out for output current at the point of common 

coupling and compared with the specified limits in the 

standard IEEE STD 519-1992. The solar system must be 

disconnected from the utility grid system in the hours that 

the harmonics produced by the solar system exceed the 

standard limits. Moreover, to increase hours of solar energy 

access, the sun tracker can be used in compliance with 

statutory standards. 
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