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Abstract. This paper discusses the simulation of under voltage load Shedding (UVLS) by 

considering the integration of wind power plants (WPP). The WPPs which will be integrated 

into the Southern Sulawesi interconnection system owned by PT. PLN (Persero) are located in 

the Sidrap area of approximately 70 MW using 30 wind turbines, generating 2.5 MW per turbine 

and in the Jeneponto area of about 62.5 MW capacity with the same number of wind turbines. 

Different wind conditions may affect the power system causing a major or minor disturbance, 

either in a release of generation or a transmission line. Based on this issue, this study aims to 

perform a simulation on areas that have voltage collapse when the WPPs are in the Southern 

Sulawesi system. The method of dynamic sensitivity presented in this paper. From the simulation 

and analysis results, it is obtained that load shedding locations in Makale, Palopo and Latuppa 

can stabilize the system’s voltage but causing the Poso area to be in an over voltage condition. 

1. Introduction 

The Southern Sulawesi interconnected power system owned by PT. PLN (Persero) will have additional 

power generation with the integration of wind power plants (WPPs) in Sidrap and Jeneponto Regencies. 

These power plants that will be integrated into the system is according to General Plan of Electricity 

Supply (RUPTL) of PLN 2010 to 2019 in which the total generating capacity in Sidrap area of about 70 

MW using 30 wind turbines, each generating 2.5 MW [1] whereas in the area Jeneponto generate total 

electrical energy of 62.5 MW with 30 wind turbines [2]. The problem on the basis of the thermal power 

station is the wind conditions change depending on climatic conditions which lie in the area, then the 

source of energy converted to electricity in a constant state of the electricity generated is not constant. 

Hence, it is very influential on electric power systems.  

In large-scale power systems, maintaining the continuity and availability of power supplies for 

consumers is the main objective of the interconnection system. References [3-5] have identified the 

stability of the power system as part of the most important and reliable prerequisites  for  the almost 1 

to  obtain  safe operation of the electrical system.The operation of a power system is expected to maintain 

the system’s stability since this problem that has become a major issue in the planning and operation of 

power systems [6] and is an important part in maintaining the continuous supply with good power quality 

by minimizing the occurrence of blackouts. 
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Voltage instability is the inability of the power system to maintain voltage profile at all buses within 

the permitted limit after a system failure or change that can bring the entire network system to a 

significant voltage drop condition [7]. One way to keep the system voltage stability under undesirable 

conditions is by performing load shedding when a severe instability occurs. Load shedding is an 

economical preventive action in reducing the voltage/frequency drop of the system. Load shedding 

should be done in the right location, so that it can increase the voltage significantly into tolerable 

tolerance range of + 5% and -10% of nominal voltage [7-9]. As a basis for the guidance to design an 

under voltage load shedding (UVLS) scheme is proposed by H. G. Sarmiento, et al [10]. 

Over the time, various methods have been proposed for UVLS. The early appearance of the UVLS 

concept was in 1992 by Taylor [11]  to  offer  additional  protection action along with under-frequency 

load shedding (UFLS) for abnormal interference beyond system’s operational and planning criteria. 

Then UVLS schemes and methods progressed with various approaches, such as in paper [1213], where 

the method is to calculate the dynamic sensitivity associated with the interference so that the track 

sensitivity between bus voltages can be calculated to obtain sufficient quantities to shed the load at the 

appropriate location. Another method of UVLS in power systems has been applied by assessing the 

integration of doubly fed induction generators (DFIG) to maintain voltage stability by considering 

dynamic and static load modelling involving an iteration algorithm [14]. Paper [3] also simulated UVLS 

to a 3 9-bus engines and then performs dynamic simulation for validation of bus participation method. 

Furthermore, study in [15] performed the calculation of eigenvalues to determine the pickup voltage for 

tripping signals, where the eigenvalues were used to measure global indices so that the voltage drop and 

voltage magnitude of the critical bus can be determined. Researchers in [16, 17] conducted a study that 

considered contingent critical for load shedding optimization based on participating factor capital. The 

participation factors capital in this study was used in finding the most suitable bus for load shedding 

location. References [18, 19] developed UVLS strategies with dynamic load generic models. In 

Amraee's paper [20], a UVLS design with a distribution generator (DG) was proposed, but this study 

used only static voltage analysis approach and did not consider DG type. Dynamic voltage stability is 

important in UVLS design since system behavior will result in substantial changes after disruption due 

to DG technology and different conventional generators [21, 22]. 

In this paper, we simulated dynamic voltage sensitivity analysis in designing UVLS schemes to 

determine the location and size of the load to be removed in case of major disturbances in the system 

with the integration of the WPP into the Southern Sulawesi power system. The dynamic voltage 

performances were analyzed before and after the Sidrap and Jeneponto’s WPP integration. 

 

2. Under-Voltage Load Shedding 

Under-Voltage Load Shedding (UVLS) is any load release mechanism due to low system voltage below 

the limit of tolerance -10% of value [23-24], UVLS is a protection scheme aims to remove the load on 

the transformer side so that the voltage on the distribution system can rise to normal conditions. 

Releasing the load on distribution transformer side with UVLS scheme has several stages. It consider 

the condition of the transformer load distribution. As for consideration includes two aspects, namely:   

1) Technical aspects  

a) UVLS scheme needs to consider the minimum system voltage levels at other plants 

b) The length of time the power plants can survive when the system voltage down 

continuously.  

c) Ability of generator exciter at the weakest point 

2) Non-Technical Aspects. Because UVLS requires performing an interruption on the consumers, 

then it is very important to consider which consumers should be turned off. Power supply 

continuity to consumers with high priority levels should be maintained. 

The design of the load shedding should be robust. There are two steps power system defense against 

incidents that may trigger instability caused by system pressure [25-27]: 
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• In observing the margins of a security system, preventive actions need to be performed by 

considering different contingency possibilities and then perform the appropriate action as a 

solution to maintain a margin system.   

• For the sake of minimizing the possibility of the risk of more severe events, it is necessary to 

execute correctively action by utilizing automatically repairing applications with a protection 

scheme.  

The philosophy of UVLS is that every time the system is being disrupted and cause the voltage drop 

condition below a pre-selected predetermined voltage level for a certain time period, then some selected 

load should be removed [28]. The purpose of UVLS to restore the balance of power in the system, to 

avoid voltage collapse and regulate voltage problems [29-31]. 

 
3. Doubly Fed Induction Generator 

Doubly fed induction generator (DFIG) is one kind of the WPPs. DFIG has several advantages, such as 

variable speed operation to get the maximum power extracted from the wind, the power factor can be 

adjusted, better efficiency, the ability to control reactive power without the support capacitive converter 

and a smaller rating [32-35]. 

Mechanical power from wind turbines converted by DFIG is sent to the power system through rotor 

and stator winding [36]. DFIG wind turbine is connected to the gearbox via the converter and voltage 

source back-to-back [37]. The gearbox is a very important device to control the diversity of various 

speed between rotor and generator. Stator winding of DFIG and the other side a supply of the rotor 

converter is connected to the power system. The voltage is maintained at a constant frequency while its 

amount is controlled by regulating the generator stator flux. 

Technology configurations of DFIG are shown in Fig. 1 and Fig. 2 displays its equivalent circuit. By 

comparing the dynamic speed of the rotor flux and the stator dynamic network and the converter control 

system which separates the generator from the grid then the steady-state electric equations by 

considering DFIG become [38], 

 

��� = −����� + 
��� + ������ +  ������    (1) 

��� = − ����� − ���� + ������ + ������    (2) 

��� = − ����� + �1 −  ���
��� + ������ +  ������   (3) 

��� = − ����� + �1 −  ���
��� + ������ +  ������    (4) 

 

Active and reactive power that sent to the grid become, 

 

� =  ������ +  ������ + ������ + ������    (5) 

� =  ������ − ������ +  ������ −  ������    (6) 

 

 
Figure 1.  Configuration of DFIG [39] 
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Figure 2.  DFIG Equivalent Mode [12] 

 

4. The Proposed Method 
Fig. 3 shows the flowchart of the UVLS simulation as follows, 

 

 
Figure 3.  Flowchart UVLS Scheme 
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5. Simulations and Discussions 
A. Voltage Simulation Prior to the Integration of Sidrap and Jeneponto WPPs  

Initial simulation of voltage assessment conducted in this paper is condition before, the Sidrap 

and Jeneponto WPPs integrated into the Southern Sulawesi interconnected power system. The fault 

simulated occurs between bus Tello and bus Pangkep at time=0.01 second. 

Fig. 4 shows the voltage profile when the simulated interference between the bus Tello and bus 

Pangkep the time interval t = 0:01 seconds. Results shows that some areas have voltage below 0.9 

pu, showing the system becomes unstable but not causing voltage collapse. 
 

 
Figure 4.  Voltage stability simulation after outage before integration of WPPs 

B. Voltage Simulation After the Integration of Sidrap and Jeneponto WPPs  

Fig. 5 shows the voltage drop/collapse at some areas in condition after the integration of Sidrap 

and Jeneponto WPPs when a fault occurs at bus between Pangkep and Tello. It can be seen from the 

graph that voltages at the bus Makale and bus Palopo suffer to collapse to 0 p.u at t = 1.8 seconds 

and were unable to return to a stable state. Furthermore, voltage at bus La Tuppa also is experiencing 

voltage drop to approximately 0.52 p.u. Some areas in Makassar also are having voltage instability 

with the magnitude just above 0.8 p.u. With many areas facing voltage instability and collapse, hence 

load shedding is necessary.  
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Figure 5. Voltage stability simulation after outage with integration of Sidrap and Jeneponto WPPs 

C. Voltage Simulation After Load Shedding at Makale and Palopo buses 

Fig. 6 simulates voltage condition with integration of Sidrap and Jeneponto WPPs after outage 

and load shedding at Palopo and Makale. It clearly shows that with load shedding at buses Makale 

and Palopo, the voltage at some areas cannot recover back its its stable condition, therefore it needs 

another location for load shedding. 

 

 
Figure 6.  Voltage stability simulation with integration of Sidrap and Jeneponto WPPs after outage 

and load shedding at Palopo and Makale 

D. Volttage Simulation After Load Shedding at Makale, Palopo and Poso buses 
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Since load shedding at buses Palopo and Makale cannot stabilize the system, then more load should 

be shed. Fig. 7 shows the voltage simulation graph after load shedding at buses Makale, Palopo and 

Poso, but still cannot stabilize the system.  

 

 
Figure 7. Voltage stability simulation with integration of Sidrap and Jeneponto WPPs after outage 

and load shedding at Palopo, Makale and Poso 

 

E. Voltage Simulation after Load Shedding at Makale, Palopo, and Latuppa buses 

Fig. 8 shows voltage improvement after load shedding at buses Makale, Palopo and Latuppa. Voltage 

at buses Makale, Palopo and Latuppa are able to recover to above the stability limit, however, this load 

shedding scheme lead to another problem, that is a transient over voltage condition at bus Poso whose 

voltage at t = 0.6 becomes 1.4 p.u then dropped to 1.1 p.u at t = 5.6 seconds. 
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Figure 8. Voltage stability simulation with integration of Sidrap and Jeneponto WPPs after outage 

and load shedding at Palopo, Makale and Latuppa 

 

6. Conclusions 
This research was conducted in the Southern Sulawesi interconnected power system considering the 

integration of wind power plants in the area of Sidrap and Jeneponto. This study first assessed the voltage 

drop before and after the integration of WPPs. It shows that with the integration of WPPs, when outage 

occurs between bus Tello and Palopo, voltage at buses Makale, Palopo and Latuppa collapse. After 

several simulations, it is found that load shedding at buses Makale, Palopo and Latuppa is the most 

optimum so that voltage stability conditions can be back to normal condition eventhough a transient 

over voltage profile happens at Bus Poso. 
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