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Abstract 

Renewable energy is gaining importance due to its inexhaustible nature and no GHG emissions. This paper deals with 
the investigation of voltage and current distortion on the grid side along with frequency distortion with variation in 
load when PV power is injected to grid. The simulation study is performed for the actual site of PV system atRewa 
(M.P.).The total capacity of the PV system of considered location is 750 MW (3 unit of each 250 MW) with the load 
variation on the grid side. The reliability of the typical large scale grid connected system is investigated on 250 MW 
units for the selected site location performed in MATLAB software. The result shows the total harmonic distortion of 
voltage and current injected to grid along with the frequency deviation when the PV is injected to grid. The transient 
duration along with the harmonic profile of voltage is investigated in this work.  
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Introduction 

Grid connected PV systems in the world account for 
about 99% of the installed capacity compared to 
stand alone systems, which use batteries. Battery-
fewer grids connected PV is cost effective and 
requires less maintenance. Batteries are not needed 
for grid connected PV, as the power generated is 
uploaded to the grid for direct transmission, 
distribution and consumption.[1,2,3] This eases the 
burden on other sources supplying power to the 
grid.In this paper, the impacts of connecting PV 
system to grid are studied. Further, the parameters 
investigated are Voltage distortion, current 
distortion and frequency deviation. 
 

Impacts of Connecting PV System to the Grid  

If the PV penetration is really high Photovoltaic 
systems can subject the grid to several negative 
impacts. They are i) Reverse power flow, ii) 
Overvoltage along Distribution feeders, iii) Voltage 

control difficulty, iv) Phase unbalance, v) Power 
Quality problems, vi) Increased Reactive power and 
vii) Islanding detection difficulty. This paper 
considers the following three impacts.[4,5,6,7] 
 

A. Power Quality Problems/Harmonics  

The inverter forms the core of the grid connected 
PV system and is responsible for the quality of 
power injected into the grid. Inverters also 
introduce harmonics into the system in the 
presence of non-linear loads, during DC to AC 
conversion. Harmonic currents introduce voltage 
drop and result in distortion of supply voltage. 
Harmonics can also cause resonance in the supply 
system, resulting in malfunction, reduction in 
lifetime or permanent damage of electrical 
equipment [8,9].  
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B. Increased Reactive Power  

Photovoltaic inverters usually operate at unity 
power factor.The owners of small residential PV 
systems in an incentive based program are levied 
based on their kilowatt-hour yield and not on their 
kilovolt-ampere hour yield. Hence they prefer to 
operate PV inverters at unity power factor, 
maximizing the active power generation, and 
accordingly their returns. As a result the reactive 
power demand met by the PV system is minimal. 
Hence, the grid is responsible for supplying 
majority of reactive power, and it makes the 
distribution transformer operate at a low power 
factor [10,11,12].  
 

C. Variation with Load Detection 

The condition when the solar system continues to 
supply to the load even though grid power from the 
utility is not present is called islanding. Islanding 
can be dangerous to utility workers, who may not 
realize that a circuit is still energized while working 
on repairs or maintenance. Hence, the solar 
inverter must detect islanding and disconnect the 
PV system when the grid is down. This function of 
the PV system is known as ‘anti-islanding’ 
[13,14,15]. These impacts are dependent on the 
size and location of the PV system. According to the 
Solar America Board for Codes and Standards 
(Solar ABCs) PV systems are classified into three 
categories, based on the ratings of the system. 
Small-scalesystems are rated at 10kW or less; 
Medium-scale systems are  
rated between 10kW and 500kW; and large-scale 
systems are rated above 500 kW[16,17,18]. This 
paper considers large-scale PV system for 
simulation. 
 

System Description  

A typical grid-connected Rewa ultrasolar PV project 
is considered for simulation, to study the impacts of 
connecting PV to the grid. Each PV array is 
connected to a DC/DC converter (average model). 
The outputs of the boost converters are connected 
to a common DC bus of 500 V. Each boost is 
controlled by individual Maximum Power Point 
Trackers (MPPT). The MPPTs use the "Perturb and 
Observe" technique to vary the voltage across the 
terminals of the PV array in order get the maximum 
possible power. 
A three-phase Voltage Source Converter (VSC) 
converts the 500 V DC to 260 V AC and keeps unity 
power factor. A 400-kVA 260V/25kV three-phase 

coupling transformer is used to connect the 
converter to the grid. The grid model consists of 
typical 25-kV distribution feeders and 120-kV 
equivalent transmission system. 
In the average model the boost and VSC converters 
are represented by equivalent voltage sources 
generating the AC voltage averaged over one cycle 
of the switching frequency. Such a model does not 
represent harmonics, but the dynamics resulting 
from control system and power system interaction 
is preserved. This model allows using much larger 
time steps (50 us), resulting in a much faster 
simulation.  
 

Simulation 

The simulation of Rewa Ultra solar PV system 
pumping station PV System of 250 MW is shown in 
figure 1. The simulation parameters are shown in 
table 1.The simulation results will investigate the 
harmonic profile of voltage, current and frequency 
deviation along with the Active and reactive power 
when the PV system power is injected to grid.The 
two PV system of 300kW and 250 kW are used to 
inject power to the grid. The output of the PV 
system is fed to the VSI converter to converter DC 
power to the AC power through common mode 
operation. A simple inverter control is adopted to 
generate the pulse for the inverter. The output of 
the inverter is fed to the filter and then to the Step-
up transformer 440kVA, 260V/25kVA. Three loads 
of 100 kW, 2 MW and 30 MW are connected to grid. 
The simulation study investigates the variation of 
voltage and current injected to grid with the 
variation of load on the grid side.The power 
injected to grid is also observed and presented in 
the result section.  
 
Table 1.Simulation parameters of Grid connected PV system 
(Gaurighat Pumping Station) 

S.No. System Rating 
1.  PV System 250 MW 
2.  Inverter 500 V DC to 260 

V AC 
3.  Load 1,2,3 100KW, 2 MW, 

30MW 
4.  Distribution feeders 25-kV 

5.  Equivalent 
transmission system 

120-kV 

6.  Transformer connected 
to grid 

400-kVA 
260V/25kV 
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Figure1.Simulation of 250 MW Rewa Ultra Solar PV System connected to Grid  

 

Results and Discussion  

The simulations results are discussed in this 
section, the three phase voltage injected to grid 
waveform are presented in figure 2. The current 
injected to grid is shown in figure 3 at time t=0 sec 

to t=0.05 sec some transient is observed while after 
t=0.05 sec the constant current for load-1 is 
injected to grid.With the change in load from load-2 
and load-3 the magnitude of current varies. 

 

 
Figure2.Three phase voltage injected to grid 

 

 
Figure3.Three phase current injected to grid  
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Figure 4 shows the active and reactive power 
injected to grid and it is observed to be 225 MW 

active power (P) and reactive power (Q) is nearly 
negligible. 

 

 
Figure4.Active and Reactive power drawn from the Grid 

 
The harmonic profile of Voltage & current injected 
to grid is also investigated and presented in figure 5 
and figure 6 respectively. It is observed that the 

voltage THD is 1.13% of fundamental frequency 
and current THD is 0.49% of fundamental 
frequency.  

 

 
Figure 5.THD of Voltage injected to grid 

 

 
Figure6.THD of current injected to grid  
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Conclusion  

Photovoltaic Systems have developed into a mature 
technology used for mainstream electricity 
generation. However, they introduce numerous 
negative impacts into the electrical networks. 
Investigation of three impact is been provided. A 
grid-connected 250MW PV system was considered 
and simulated in MATLAB software. Harmonic 
content introduced by PVsystem with a 3-phase 
DC/AC inverter, at grid side was found to be within 
the limits. Reactive power support with regards to 
varying load power factor and varying PV 
penetration levels was studied. The studies carried 
out will help PV power generators and utilities the 
issues to be studied for a grid connected PV system. 
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