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Impact of  Renewable Resources Penetration on Maximum 
Loading Point and dynamic voltage stability 

 
 

Abstract.  This paper presents the impact of a grid-connected photovoltaic (PV) generator with a wind turbine on dynamic voltage stability 
and maximum loading point by considering the PV-wind turbine penetration level and contingencies such as short circuits and load 
increases with PSAT toolbox under matlab. The IEEE 9-node test feeder is used as a test system. Test results show the maximum loading 
margin for voltage stability is improved at low PV-wind penetration levels of up to 10% and for 20% of the injections, the increase in  is 
small, then it becomes constant for other injections. For each level of penetration of renewable energies, oscillation damping becomes 
more important after the elimination of the short circuit. 
 
Streszczenie. W artykule przedstawiono wpływ podłączonego do sieci generatora fotowoltaicznego (PV) z turbiną wiatrową na dynamiczną 
stabilność napięcia i maksymalny punkt obciążenia, biorąc pod uwagę poziom penetracji PV-turbiny wiatrowej i zdarzenia awaryjne, takie jak 
zwarcia i wzrost obciążenia, za pomocą zestawu narzędzi PSAT w Matlab . 9-węzłowy podajnik testowy IEEE jest używany jako system testowy. 
Wyniki testów pokazują, że maksymalny margines obciążenia dla stabilności napięcia poprawia się przy niskich poziomach penetracji wiatru 
fotowoltaicznego do 10%, a dla 20% zastrzyków wzrost � jest niewielki, a następnie staje się stały dla innych zastrzyków. Dla każdego poziomu 
penetracji energii odnawialnych tłumienie oscylacji nabiera większego znaczenia po wyeliminowaniu zwarcia. (Wpływ penetracji OZE na 
maksymalny punkt obciążenia i dynamiczną stabilność napięcia) 
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Introduction 
   The power system should be operated so that voltage 

and power are within acceptable ranges [1]. This quest has 
led to the realization of alternative power generation 
methods that may be even cheaper than longstanding 
power generation techniques. One of the consequences of 
competitive electricity markets is the use of photovoltaic 
generators (PVGs) and wind turbines. Therefore, replacing 
conventional generation with large-scale renewable units 
has been one of the major aspects characterized by smart 
grids. But one of the major problems connected to solar and 
wind systems are their dependence on weather conditions 
[2–3]. Therefore, PV generation and wind turbines are 
growing rapidly around the world. Therefore, replacing 
conventional generation with large-scale renewable units 
has been one of the major aspects characterized by smart 
grids [4]. 

A methodology to evaluate the impact of wind 
generation on the voltage stability of a power system is 
presented in [5]. 

When connected to rural radial lines, solar PV systems 
have an electrical influence at the distribution level and 
have an impact on the voltage profile reviewed in [6]. 

When a power system is unable to sustain the voltage 
across all of its buses, causing a disturbance, voltage 
instability arises [7]. The limitations of network topology, 
system functioning, and the constitution of electrical system 
components are all factors that are progressively 
influencing the possibility of voltage instability and collapse 
[8].Integrating wind power plants created a new issue for 
system stability due to interactions between the control 
systems of wind power plants and conventional power 
plants [9], [10]. Additionally, the substitution of some of the 
generated power from conventional power plants with 
injected power from wind power plants can lead to a 
decrease in system damping and a reduction in system 
dynamic performance. 

Under variable wind power plant power injection, 
dynamic and static voltage stabilities can be maintained 
[11]. 

 

Due to the inherent differences between PV units and 
conventional generators, these problems need to be 
carefully studied. Numerous studies and investigations have 
been conducted to optimize the performance of DG 
resources, reduce power loss, enhance the voltage profile, 
and enhance power quality characteristics.[12] outlines an 
approach for assessing how wind generation affects a 
power system's voltage stability. [13] examines how small 
photovoltaic generators (SPVGs) affect the performance of 
distribution systems. 

A power system has a state of voltage instability when a 
disturbance causes a progressive and uncontrollable 
decrease in voltage level [14]. These disturbances can be 
faults such as a short circuit on a transmission line, the loss 
of a generator, the loss of a load, the gain of a load, or the 
loss of a portion of the transmission network [12]. 

The integration of hybrid PV-WT systems into the grid 
can improve the reliability of renewable power generation to 
supply the load while minimizing the overall cost. The grid 
takes the excess renewable power generated and supplies 
power to loads when required. Recently, many studies have 
been conducted on the reliability of hybrid PV-WT systems. 

It has been shown in numerous studies that the 
connection of hybrid PV and wind turbine power sources to 
the power distribution system changes the core 
characteristics of the system, including the static voltage 
stability and dynamic voltage stability. This study will focus 
on these two topics and present conclusions from an 
investigation into the impact of hybrid PV and wind turbines 
on the advantages mentioned using PSAT simulations and 
an IEEE 9-Bus power system. 
 
Hybrid solar PV –Winds turbine System 
    A hybrid power system is one that combines two or more 
renewable energy sources (solar-thermal, wind, solar-
photovoltaic, biomass, geothermal, hydropower, etc.) to 
provide electricity, heat, or both to consumers [13]. 
Renewable energies are weather-dependent and thus 
intermittent. He may be able to achieve a better overall 
supply model by integrating two or more generation sources 
and also including a form of energy storage. For isolated 
networks, the introduction of hybrid systems becomes a 
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very attractive solution. The combination of both solar and 
wind energy sources can improve reliability, and their hybrid 
system becomes more economical to operate. The 
integration of hybrid solar and wind power systems into the 
grid can further improve the overall economy and reliability 
of renewable power generation to supply the grid's load, 
similar to a stand-alone system. These sources can be 
operated either in private or grid-connected modes. The 
idea of wind and solar associated with a conventional 
system, though innovative, has caused more difficulties for 
planners and analysts due to the need to improve voltage 
stability and sustainability [15]. The effects of integrating 
large-scale PV on all aspects of the dynamic voltage 
stability of a power system have not yet been fully 
investigated. 
 

Dynamic voltage stability 
     An oscillating situation is observed under changing 
circumstances or following a disturbance. After a new 
equilibrium point is reached and the power system is able to 
maintain stability, the oscillations will ultimately reduce. On 
the other side, an increase in oscillation magnitude 
indicates unstable conditions. Increasing power generation 
and load demand uncertainties frequently lead to oscillatory 
conditions. Therefore, static stability analysis is insufficient 
to accurately represent power system performance. To 
provide a thorough description of the dynamic behavior of 
the system, the dynamic response should be carefully 
examined. Simulations in the time domain are used here. 
Time integration techniques are used to solve a set of 
nonlinear equations that describe the components of the 
power system [16]. To maintain steady functioning of the 
power system, the maximum permissible critical clearance 
time must be determined using dynamic analysis [17, 18]. 
 
Voltage stability 
    Characteristics of a power system to remain in a state of 
equilibrium. Voltage instability is closely related to the 
maximum load margin of a transmission network. In 
present-day power systems, this may take place as a 
precursor to the traditional frequency instability problem. 
The main problem here is that the maximum loading of the 
transmission system is not a fixed quantity. Such quantity 
depends on the network topology, generation and load 
patterns, and the availability of VAR resources. All these 
factors can vary with time due to scheduled maintenance, 
unexpected disturbances, etc. 

Voltage problems are expected when developing power 
systems and in the event of major system breakups. 
Voltage stability is a dynamic phenomenon, thus there 
should be an obvious need for dynamic voltage stability 
analysis. For the faster transient phenomena, dynamic 
simulations are necessary, but for the slower, longer-term 
phenomena, steady-state-based methods might suffice [10]. 
 
Simulation Results 
     All numerical studies were performed in PSAT, which is 
a MATLAB-based toolbox for power system studies. It 
includes power flow, continuation power flow (CPF), optimal 
power flow, small signal stability analysis, and time-domain 
simulation tools. This toolbox also provides a complete 
graphical interface and a SIMULINK-based one-line 
network editor. 
The test network is an IEEE 9-Bus test system consisting of 
nine buses and three generators with a total capacity of 
519.5 MW and a total load of 330.618 MW. 
Scenario 1: The 9-bus test system is in normal condition. 
Scenario 2: 9-bus test system with increased load at every 
bus 

Scenario 3: A nine-bus test system with a short circuit on 
bus 4. 
Scenario 4: A 9-bus test system with a short circuit at bus 4 
and increasing load at every PQ load bus. 
Scenario 5: 9-bus test system with 10% PV-wind 
penetration 
Scenario 6: A 9-bus test system with 20% PV-wind 
penetration 
Scenario 7: A 9-bus test system with 30% PV-wind 
penetration 
With a fault at bus 4 and a 100% load increase Fig. 1. The 
IEEE 9-Bus system is slightly customized to simulate the 
solar-wind hybrid system shown in Figure 5. 

A three-phase balance fault is applied to bus 4 
connected to the generation source in order to analyze the 
case of dynamic voltage stability. Because it is closest to 
the swing bus, the location of the fault is the most 
vulnerable point in the network. The fault is considered to 
occur at 0.1 s, and the duration is 264 ms. 
 

 
 

Fig.1. Schematic of IEEE 9 bus System with 3 phase fault and   
overload 100% 
 

 
 

Fig.2. voltage profile in normal condition 
 

During normal operation the voltages are in the range of 
0.99 to 1.04  Figure 2 but when a three phase fault occurred 
near bus 4 at t=0.1 sec , voltages drop and generators may 
go out of synchronism Figure 4. The increase in load is 
accompanied by a loss of voltage up to 0.95 Figure 6. The 
PV curve has nearly the same shape in normal and fault 
operation Figure 3, figure 5 and figure 7, but in case 3, the 
nose of the curve decreases from 2.5 to 1.5 p.u.   The 
voltage profile shows a voltage drop during the fault figure 8 
followed by oscillations after the fault has been cleared, 



110                                                                              PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 9/2023 

which attenuate after a few seconds, and the PV curve 
figure 9, whose loading point lowers to 1.4, are both 
impacted simultaneously by the fault's existence and the 
increase in load. 
 

 

 
Fig.3. P-V curve in normal condition 

 
Fig.4. voltage profile with short circuit 
 

 
 
Fig.5. P-V curve with short circuit 
 

 
Fig.6. voltage profile with increase of load 
 
 

 
 
Fig.7. P-V curve with increase of load 
 

 
 
Fig.8.voltage profile with three-phase fault and overload 100% 
 

 
Fig .9. P-V curves with three-phase fault and overload 100% 
 

 
 
Fig.10. voltage profile with PV –Wind 10% 
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Fig.11. P-V curve with PV –Wind 10% 
 

 
Fig.12. voltage profile with PV –Wind 20% 
 

 
Fig.13. P-V curve with PV –Wind 20% 
 

 
Fig.14. voltage profile with PV –wind 30% 
 

The wind turbine is installed at bus 6, and the 
photovoltaic system is at bus 5 Fig 16, for equal injections 
ranging from 33.06 MW to 99.18 MW, which represent 10%, 
20%, and 30% of the total load, respectively. 

The PV curves in Figures. 11, 13, and 15 and the 
voltage profile curves in Figures. 10, 12, and 14 show the 
effects of different PV-wind power penetration on the 
voltage profile and loading point of all buses with short 

circuits and heavy loads. The depth and duration of the 
voltage dip are the dip's characteristics, with the exception 
of the duration, which is influenced by the level of 
penetration of the RES and decreases with each injection; 
however, the depth remains constant across all nodes 
depicted in Figures10, 12, and 14. The variation of  is very 
important for a 10% injection; practically, it doubles; it goes 
from 1.5 to 3. For the second injection of 20%, the increase 
in  is low, going from 3 to 3.1, and it does not change and 
remains the same for a 30% injection. 
 

 
Fig.15. P-V curve with PV –Wind 30% 

 
Fig.16. Schematic of IEEE 9 bus System with hybrid PV-wind 

 
Conclusion 
    The impact of renewable energy integration on voltage 
dynamic stability is demonstrated by a reduction in the 
duration of the dip voltage, which is reduced by one-third for 
a 30% injection compared to case 4. The effect of the 
penetration level of the PV-wind turbines as first injection 
(10%) on the maximum loading point is very important. 
When compared to case 4,  doubles. When the 
penetration level is increased to 20%, the maximum margin 
point increases very little, taking the value to 3.1 and not 
changing by 30%. The maximum margin point is sensitive 
only for low injections and then becomes constant. 
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