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Stability Impact of Grid-Tied Photovoltaic Plant 
on the Distribution Network 
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Abstract— This paper investigates the impact of grid-tied photovoltaic plant on the stability level of the host distribution network. Using 
simulation model of a grid -connected photovoltaic power system, the response of the distribution sub-system to a test fault experimented 
on the plant was examined. The behavoural waveforms obtained at three locations across the system reveal the resulting current 
variations and voltage colapse margins on the network. Subsequent to the removal of the fault however, normal operation was regained by 
the network, with all the line variables smoothly settled at their initial pre-fault values.   

Index Terms— stability, photovoltaic plant, microgrid, distribution network, test fault, behavioural waveform 
  

——————————      —————————— 

1 INTRODUCTION                                                                     
ERFORMANCE assessment of distribution networks is a 
critical requirement for utility reliability in electric power 
systems. Several cases of voltage collapse and similar 

power system instabilities are linked to major disturbances 
such as faults, line switching operations and imbalances be-
tween load demand and power supply. Long-term voltage 
instability can result when a sustained fault condition occurs 
on the power system, causing it to operate with a reduced ca-
pacity over an extended period of time. Various previous 
works have investigated systems reliability and reliability im-
provement on the conventional power systems [1], [2]. Using 
the comprehensive sequential Monte Carlo simulation, [3] 
evaluated distribution reliability improvement with the instal-
lation of dispersed generators.  

Over the last few decades however, renewable energy 
sources such as solar, wind, biomass, small hydropower 
and fuel-cell have constituted a large part of the distributed 
generation (DG). The potential of the DG are employed to 
enhance the overall power system stability. With such 
growing interest in the adoption of renewable resources, 
the stability impact of utility-connected DG microgrids on 
the host grid must be thoroughly investigated. Addition of 
DG to the existing power distribution system, beyond cer-
tain limit and without proper modification and coordina-
tion may cause problems on the entire system. 

Photovoltaic (PV) technology is a promising alternative 
source of electricity. One-fifth of the sun’s energy falls on land 
and this is about 2,000 times greater than total present world 
energy demand at any given time [4], [5]. This alongside with 
some other reasons account for the significance of the PV con-
version of solar radiant energy. However, where PV-based 

microgrid is connected to the main grid, it may cause improp-
er operation of the grid since PV array experiences large varia-
tion in its power output. Some of the issues include voltage 
regulation, frequency deviation and un-intentional islanding 
on the system. For optimal utilization of solar electrical re-
source therefore, and in order to make the technology more 
operationally safe, PV-based microgrid must be designed to 
always operate within acceptable voltage limits and ensured it 
does not have a detrimental effect on the grid operations. 
Therefore, a study of the effect of PV-based DG on the distri-
bution sub-system is worthwhile.  The harmonic interaction 
between PV plant and distribution network has been investi-
gated [6], while [7] modelled PV system for general perfor-
mance evaluation with provision for islanding detection and 
protection. A detail fault-response analysis on grid-integrated 
PV power system was presented by [8] and, [9] reported a 
study on the transient characteristics of a grid-interactive PV 
generator following a disturbance at the generator’s terminal.  

In this work, the effect of PV-source microgrid on the host 
distribution sub-system was investigated and reported. The 
system was implemented using the Simulink/SimPower and 
the impact of a test fault applied on the microgrid is examined 
at three locations: at the point of common coupling (PCC) be-
tween the microgrid and the main grid; along the distribution 
line; and at the load terminal. Details of the system modelling 
and the behavioural waveforms are presented in this paper. 

2 MATERIALS AND METHOD 
2.1 System Configuration 
A model of the complete grid-tied PV system was implement-
ed, with the modelling equations derived from each compo-
nent segment of the PV plant. The following simplifying as-
sumptions were made in forming the equations:  
a)  The cells of the PV array are ideal; with neither series loss 

nor leakage to the ground.  
b)  All the cells were considered to be equally biased, subject-

ed to the same solar radiation and have the same working 
temperature. 

c) The standard operating conditions (1000W/m2 and 300 

P 
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Kelvin) were taken as reference. 
d) The voltage source inverter (VSI) was of high efficiency 

with a negligible loss. 
The PV plant was connected to the grid via an interface trans-
former as shown in Figure 1. When exposed to solar radiation, 
the array generates a sizable amount of direct current (DC) 
power that is fed to the VSI through a link capacitor. By mini-
mizing the resistive losses over the DC wiring between the 
array and the inverter, the capacitor stabilizes the input pow-
er, thus allowing for a good regulation of the inverter. The 
inverter converts the DC power fed to its input terminals to 
alternating current (AC) power obtainable at its output termi-
nals as the switching valves flip the DC power back and forth 
to create the AC equivalent.  

To prevent the spurious voltage output of the inverter’s 
high-frequency switching noises from disturbing the distribu-
tion network, a low-pass LC filter is incorporated whose out-
put is serially connected to the primary side of the interface 
transformer. The ripple-removal recipe of the filter is further 
enhanced and completed by the inductance of the primary 
side of the transformer, such that the use of another coupling 
inductor could be foregone. In addition to its major function of 
voltage ratio-changing, the transformer also provides galvanic 
separation between the PV facility and the grid at the point of 
common coupling of the two. The circuit breaker provides a 
means of isolating the PV generator from the grid, while a 
network of 20 km length of power distribution line with a 
three-phase load connected 3 km way from the PV plant, 
serves as the distribution.  

2.2 Mathematical Description of the System 
With the mentioned assumptions, when the PV array has parallel 
cell strings with each string having series-connected cells, the rela-
tionship between  the output voltage and current of the array is de-
scribed as follows [10]: 

                     (1) 

  and  are the current and the voltage output respec-
tively of the PV array and   is the reverse saturation current 
per cell. According to [11], the empirical ideality factor, σ, 
takes on a value that lies between 1 and 2. The photo-current, 
Iph, which mainly depends on the solar intensity, Sr and the 
cell’s working temperature, T, is described by: 

                  (2) 
Where  and  are respectively, the temperature coeffi-

cient and the reference temperature. For a single cell, given the 
open-circuit voltage at the reference condition and the cross-
sectional area, A, the short-circuit current at reference, Iscr is 
determined from the conversion efficiency, .  

                                       (3) 

The output power of a cell, expressed in terms of the open-
circuit voltage, Voc and the short-circuit current, Isc, is: 

                                             (4)                 
             
Where  and  are the terminal voltage and the output 

current respectively of the cell at maximum power point, and 
  is the fill-factor, which is a measure of the cell’s quality. 

Therefore, at reference condition: 

                                    (5) 

The reverse saturation current,  of a cell varies with its tem-
perature, and it is described by: 

                                            (6) 

, which is the reverse saturation current of a cell at the 
reference temperature and intensity, is obtained by:  

                (7) 

For a VSI with Sinusoidal Pulse Width Modulation (SPWM), 
the modulation ratio, , the input DC voltage,  and the out-
put voltage,  are related by:  

                                         (8) 
 The VSI’s output-side dynamic is described by [12]: 

                           (9) 

                         (10) 

Where  and  are resistance and inductance of the filter. The 
modulation index,  in the above model is the control input. 
In Park’s dq frame of reference that rotates synchronously with 
the grid angular frequency , the current dynamics can be 
represented by the following equations:  

                        (11) 

                      (12) 
The  use of a controller in each axis of the plant to compensate 
for the non-linearity introduced by , enables the system to be 
operated as a linear plant. With   and  tracked by reference 
signals  and , the controllers have input error signals  
and   respectively. Therefore, the indexes of the control scheme 
are: 

                          (13) 

                          (14) 

                             (15) 

Selection of the filter’s inductance , depends on the current 
ripple , the switching frequency and the DC-bus volt-
age materials It is obtained as [13]:  

                                          (16) 

The inverter’s switching frequency , is measured in hertz, 
while a is the overload factor. In this study, was taken 
to be 5% as provided by the islanding control standards (IEEE 
929-2000).  The filter is a low-pass tuned at the grid frequency, 
with  and  as capacitive and inductive reactances at the 
fundamental frequency. Therefore, the filter capacitor is ob-
tained from: 
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1                                             (17) 

The three reference signals for the SPWM generator are ob-
tained through Park’s inverse-transformation of  and  as 
given below: 

              (18) 

The six switching pulses of the VSI are produced by compar-
ing the reference signals ,  and  with the carrier sig-
nals of the SPWM generator 
 

 

 

 

 

 

 
 
 
 
 

TABLE 
PARAMETERS OF THE SIMULATED DISTRIBUTION NETWORK 

Parameters  Values Units 

Line Resistance 0.69 Ω/km/phase  

Line Inductance 0.076 mH/km/phase 

Line Length 20 Km 

3 RESULTS AND DISCUSION 
Simulation of the PV array was implemented with the pa-

rameters of the commercialized hetero-junction Gallium-
Arsenide/Aluminum-Gallium-Arsenide solar cell. The cell 
provides a relatively good conversion efficiency (24.8%) and 
operates effectively at elevated temperatures [14]. The simula-
tion lasted for 120 milliseconds, during which a symmetrical 
short-circuit was demonstrated on the PV plant for a duration 
of 40milliseconds and the stability response of the distribution 
network to the disturbance was obtained as waveforms from 
the three locations. 

At the PCC, figure 2 show that the voltage became ideally 
zero, which consequentially results to a current rise from 10 A 
to 150A in the effort of the controllers to maintain the pre-set 
value of the inverter’s DC-link voltage.  As figure 3 reveals, 
the current on grid overshoots in the attempt by the system to 
maintain constant current flow through the distribution line, 
while the grid voltage however remains undisturbed. Figure 4 
shows a 33% drop in the pre-fault values of both the load cur-
rent and the load voltage. 
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Fig. 1. Utility-Connected Photovoltaic Power System 

 

0 0.02 0.04 0.06 0.08 0.1 0.12-2

-1

0

1

2 x 104

Simulation Time [seconds]

V
ol

ta
ge

 [
vo

lts
]

 

 

R
Y
B

 

0 0.02 0.04 0.06 0.08 0.1 0.12-200

-100

0

100

200

Simulation Time [seconds]

C
ur

re
nt

 [a
m

pe
re

]

 

 

R
Y
B

 

Fig. 2. Behavioural Waveform at the Point of Common Coupling  
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Fig. 3. Behavioural Waveform on  the Network 
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4 CONCLUSION 
Stability impact of PV-source grid-tied DG on the host dis-
tribution network has been explored in this study.  It is 
shown through the response obtained from three different 
locations across the system that a momentary disturbance 
on the PV plant results into stability failure across the en-
tire distribution network. This therefore indicates that long-
term voltage instability can result on the network when a 
sustained disturbance like fault condition occurs on the PV 
plant, which can cause the entire system to operate with a 
reduced capacity over an extended period. 
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Fig. 4. Behavioural Waveform at  the Load Terminal 
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