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Abstract—The paper presents a study for the impacts of solar 
energy integration on the power system dynamic stability. A 
detailed photovoltaic model incorporated active and reactive power 
controller is used to investigate the effect of replacement of 
conventional steam power station by solar system considering 
changing in size and location. The controller depends on decoupled 
inner d-q current control loops and outer dc voltage regulator. The 
critical fault clearing time (CCT) is used as indicator for the power 
system transient stability. CCT is used to identify the interaction 
between generating units following large disturbances and can be 
used to initiate preventive or remedial actions against system 
instability. The critical fault clearing times are determined and 
compared within different levels of photovoltaic (PV) power 
integration. The effect of insertion point of PV is considered to 
specify effect of the location from the viewpoint of power system 
dynamic. The results have revealed that the transient stability 
performance of the system deteriorates with increasing the 
replacement level of conventional power station by PV system and 
significantly affected by the location on integration. The simulation 
and analysis are implemented using PowerFactory (DigSILENT) 
software. The test system used during the analysis is 11-bus system. 
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I.  INTRODUCTION  
Renewable energy sources such as photovoltaic (PV) and 

wind turbine systems become a vital option to meet the rapid 
increase in power demand. The main advantages of the generated 
power from renewable sources are the absence of harmful 
emissions and the infinite availability of the prime mover that is 
converted to electricity. PV system installation is expected to 
rapidly increase with the continuous reduction in capital cost and 
the output power is expected to change when are working under 
different climate conditions such as working temperature and 
fluctuations in solar irradiation. The PV power generation 
performs a nonlinear operating characteristic depends on the 
array temperature, solar irradiance and load and several methods 
have been used to draw the maximum power of the solar grid. 
The location and size of PV system can significantly affect the 
steady state as well as dynamic performance of the power 
system. The increase of PV penetration level can lead to 
alteration of the steady state voltage magnitude and oscillations 
during disturbances [1][2].  
___________________________________ 
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The reactive power support to grid voltage following grid 
faults is important aspect to improve system stability and should 
be considered to provide additional ancillary services during 
large integration of solar energy [3]. The dynamic response of 
solar energy based generation systems and conventional 
generators are different because of the associated control systems 
and inertia. Dynamic stability had investigated in previous works 
such as in [4] and [5] from the few point of power quality and 
small signal stability where few previous works have investigate 
the transient stability [6]. 

This paper presents the impacts of replacing conventional 
generating units by PV system on power system dynamic 
performance operating conditions. The effect of changing the 
location of connecting PV system on dynamic stability is 
investigated. The rest of paper is organized as follows: section II 
presents the relation between PV system integration and power 
system stability. Section III presents the basic modeling of PV 
system. Section IV presents the modeling pf PV system in 
DigSILENT software.[7] The description of the test system is 
presented in section V. Finally discussion of obtained results and 
conclusion are in section VI. 

II. PV SYSTEM AND POWER SYSTEM STABILITY 
The power system dynamic stability mainly depends on the 

system ability to respond to the power fluctuation following 
disturbances. The integration or replacement of traditional 
generating units by PV generating system results a reduction in 
system total inertia and may deteriorate system dynamic stability. 
In addition to the effect of system inertia on system stability, the 
sudden large change in irradiance may have a great effect on AC 
grid voltage level and system dynamic behavior. Therefore, the 
modeling of the PV system should integrated by reactive power 
control loop to help with the voltage control and active power 
control. The active power control can be related direct to the 
frequency fluctuations and DC input voltage to the inverter. The 
most used voltage control loops are the constant power factor 
control and automatic voltage control [8]. In the constant power 
factor control, the difference between the reference and measured 
reactive power derives PI controller to determine the amount of 
reactive power supplied or absorbed by the PV inverter. In the 
automatic voltage control technique, the driving signal is the 
difference between the reference terminal voltage and the 
measured terminal voltage. 
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Figure 1: Typical PVS layout 
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current (ܫ). The photo electric current is equal to the short circuit 
current of the PV cell. ܫ ൌ ܫ െ ܫ ൌ ܫ െ ൫݁ሺାூோሻܫ ௩⁄ െ 1൯                                  (1) ܫ ൌ ݂ሺܫ, ܸሻ, ܫ ൌ ௦ܫ ௧ݒ ,  ൌ  ்                                                 (2) 

Where R is the cell resistance, k is the Boltzmann’s gas 
constant, q is the electron charge and is ܶ  the absolute 
temperature. The saturation current (ܫ) can be calculated from 
the open circuit condition based on the cell temperature ( ܶ) 
by: 

ܫ  ൌ ூೞሺೇ ೡൗ ሻିଵ                           (3) 

The voltage and current output are available at standard rating 
conditions of solar irradiation (1000 W/m2) and temperature (25 
degree). The short circuit current and open circuit voltage at the 
operating cell temperature as a function of the temperature 
change and temperature coefficients that provide the rate of 
change with respect to temperature of the PV performance 
parameters, can be express as: ܫ௦௧ ൌ ௦௧ௌ்ሺ1ܫ  ݇௧ሺ ܶ െ ܶሻሻ                (4) 

௦ܫ  ൌ ௦௧ܫ ቀ ாாೄቁ                 (5) 

ܸ௧ ൌ ܸௌ்ሺ1  ݇௧ሺ ܶ െ ܶሻ                (6) 
ܸ ൌ ܸ௧ሺ ሺாሻሺாೄሻሻ                 (7) 

Where ܫ௦௧ and ܫ௦௧ௌ்  are the short circuit current at cell 
temperature and SCT. ܸ௧ and ܸௌ்are the open circuit voltages 
at cell temperature and SCT. ݇௧ and ݇௧ are the temperature 
correction factors for current and voltage respectively. ܧ and ܧௌ்  are the irradiance at cell temperature and SCT. ܶ  is the 
room temperature at SCT. Newton-Raphson is employed to solve 
for the output current. 

The power at each instant is obtained by multiplying the PV 
current and terminal voltages. The output voltage is controlled 
for maximum power point tracking (MPPT) using approximating 
linear prediction and error correction algorithm as given in [10]. 
The algorithm is implemented using DIgSILENT Programming 
Language (DPL). The output current feeds into the DC voltage 
controller to control the DC output voltage across the capacitor 
terminals to produce the desired operating output power via static 
generator model. Simplified connection diagram of the internal 
control loops shown in Fig. 4. The DC voltage specified 
according to the operating conditions and the rating of the 
capacitor. The charging and discharging of the capacitor can be 
used to control the supplied active power and support the 
frequency control. The active power is controlled using a built in 
current controller to provide the reference current for the static 
generator. The active component of the reference current is 
controlled via PI controller. The inputs of the PI controller are the 

DC voltage across the capacitor and additional signal from active 
power control loop. This signal is added to control the frequency 
deviation during transient operation. The variation of the output 
active power ( ܲ) depends on the percentage active power 
frequency response of the PV system during over-frequency and 
under-frequency operating regions. 

 
Figure 4: Control loops in PV system composite model 

The active power curtailment prevents the PV system to 
inject all available solar energy during power oscillations to keep 
the system frequency with specified limits as shown in Fig. 4. 
The active component of the reference current injected to the 
static generator is controlled to reduce the active power transfer 
to the grid during fault ride through or increased to match the 
active power output to the setpoint value. The fluctuation of 
voltage increases with large integration of PV system due to the 
stochastic variation of irradiation. The voltage control can be 
achieved by reactive power control through local or remote 
feedback signals. In the used modified model, the reactive power 
is regulated based on reference value of the voltage at the 
connection point and remote location to provide the capability to 
absorb or inject reactive power. The regulation occurred via 
reactive support function based on the desired grid code in the 
current controller as shown in Fig. 5. The reactive power support 
is limited according to the limits voltage and current magnitudes 
based on the rating of inverter hardware. The utilization of 
remote signal can be used to improve voltage stability and make 



it is possible to inject the full available solar e
overvoltage. 

Figure 5: Variation of PV system power with frequ

The active and reactive components of the 
are fed to static generator to produce the corr
and reactive power. The calculated d-q com
reference current fed to the static generator a
with the grid using d-q reference angle to pro
active and reactive power. Static generator 
PowerFactory to represent the static source of
photovoltaic and fuel cells. Current source mod
the output active and reactive power depe
components of reference input current. The act
static generator is defined by the real part of the 
if we assume constant bus voltage. 

V. DESCRIPTION OF TEST POWER S
The investigation of the impacts of the PV sy

on power system dynamic behavior is illustrat
Bus test system [11]. The single line diagram is s

energy and avoid 

 
uency deviation 

reference current 
responding active 
mponent of the 

and synchronized 
oduce the desired 

is provided in 
f energy such as 
del is used where 
end on the d-q 
tive power of the 
reference current 

SYSTEM  
ystem integration 
ted using the 11-
shown in Fig. 6. 

 

Figure 6: Four-machine, 11-bus 
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Figure 8: Change in terminal voltage at bus 7 

The results indicate that the terminal voltage is slightly varied 
with increasing the PV system integration level while the 
frequency is strongly affected with completely replacement of the 
traditional power station G2 by equivalent PV system generating 
units. This is due to the reduction of system inertia where the 
frequency variation strongly dependent on the system inertia. 

 
Figure 9: Frequency variation with replacing G2 by PV units 

Figure 9 presents the minimum CCT associated three phase 
faults at the bus 6 which is the critical fault location in the system 
with replacing each conventional generating unit by equivalent 
PV system unit. The results also reflect the deterioration of 
system stability with increasing the level of PV system 
replacement where the system transferred from transiently stable 
to transiently unstable region with complete replacement of G2 
by PV system. 

To investigate the effect of PV system location on the system 
dynamic, 100 MW unit of G2 is replaced by PV system units at 

all busses. Fig. 10 shows the variation of system frequency and 
Fig. 11 presents the terminal voltage of load connected at bus 7. 

 
Figure 10: Frequency variation with connecting PV unit at all busses 

 
Figure 7: CCT with replacing G2 by PV system units 



Figure 11: The terminal voltage at bu
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