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ABSTRACT 

A major factor in the power system operation is the desire to maintain system security. System security involves a 

design to keep the system operating in the event of interference or failure. Interferences in electrical power systems 

are divided into generator, transmission, and load. Failure or interference of the transmission network results in a 

contingency of the transmission lines that can cause voltage in the bus and overload in the transmission lines, so it is 

very necessary to overcome the problem with a contingency analysis simulation to find solutions to problems caused 

by the disconnection of the transmission line. One of the contingency analysis methods is the 1P1Q (performance 

contingency index) method where the 1P1Q method lists the worst contingency impact on the electric power system to 

help engineers to solve problems and determine their next steps when contingencies occur. In the study, the Newton 

raphson's methods were used to determine the power flow in electrical systems at normal conditions or contingency. 

Calculating the value of the contingency index in times of interference or failure using the 1P1Q method. The results 

show that the worst impact or highest-ranking performance index for the Madura 150 kV electric power system occurs 

in the infinity-base scenario where two lines are overloaded and exceed the maximum value limit of the transmission 

line power of the infinity-gilitimur channel of 157.5 MW with a maximum value limit transmission line of 92,359 

MW and gilitimur-bangkalan of 149 MW with a maximum value limit of transmission line of 88,616 MW. So there is 

prevention with load shedding of 87,638 MVA with scenario 6 in table 4:24 of load shedding on the bus Sampang, 

Sumenep, Pamekasan because by shedding loads of 95,528 MVA the power flowing at infinity-gilitimur becomes 

72.9 MW. 

Keywords: contingency analysis, 1P1Q method, newton raphson method, Madura 150 kV electricity power 

system 

1. INTRODUCTION

Interference in the power system operation is an

unavoidable problem. According to PLN data, in 2018 

there were 41582 disruptions that occurred, consisting 

of transmission and distribution disruptions. This data 

shows the high number of disturbances in Indonesia. In 

2017 the island of Madura experienced a disruption in 

the transmission line of Java Island and Madura which 

resulted in a part of Madura island outage. The 

contingency is an unexpected condition that occurs in a 

short duration in an electric power system [1]. This 

short duration can cause the elements of the electric 

power system to be in danger and experience an outage 

[2]. The release of elements in the electric power system 

includes the discharge of generation, transmission, 

distribution, to load [3]. 

Based on the data on the number of PLN 

disturbances, the safety of the electric power system 

operation is very important to maintain service 

continuity. So that the power system can survive when 

an unsettling influence happens [4] - [6]. Interference in 

the electric power system is the discharge of one or 

more channels or components [7] - [9]. These 

disturbances can cause overload so that the electric 

power system cannot supply the power should the 

system stack [5], [10], [11].  

1P1Q method is one of the strategies utilized to rank 

possibilities based on their severity. The 1P1Q method 

comprises of the Power Performance Index and the 
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Performance Voltage Index [5]. The Power Performance 

File (PIflow) positions with regard to the stream of 

dynamic control within the electrical framework 

whereas the Execution Voltage File (PIV) is based on 

the voltage on the bus within the electrical system [1], 

[12] - [22].  

This study talks about the contingency analysis of 

the Madura 150 kV electric power system which was 

carried out with 8 contingency scenarios. Each scenario 

comprises a blackout transmission line on the Madura 

150 kV electric power system. The Newton Raphson 

method is utilized to calculate the power flow within the 

Madura 150 kV electric power system. Performance 

index analysis is utilized to decide the ranking of the 

electrical power system severity index. This function is 

to determine the potential for excess power overload 

that is generated when one component of the power 

system outage. 

2. MATERIAL AND METHOD 

2.1. 1P1Q Methode(Performance index) 

The solution to select the release case or 

contingency condition scenario is by using the 1P1Q 

method. The 1P1Q method is a ranking of the 

calculation of two Performance Index (IP), there are the 

line power performance index and the voltage 

performance index [23]. First, the line power 

Performance Index uses the active power value 

parameter through the following equation: 

                                     (1) 

Description:  

IP flow = performance index contingency power flow i 

Pi = active power value of transmission line i at 

contingency. (MW) 

Pl maks = maximum value of active power value of 

transmission line i at contingency (MW) 

n = 1 

Second, the voltage performance index uses the bus 

voltage parameter through the following equation: 

                           

(2) 

Description  :  

IP Vi = performance index voltage contingency  i 

Vj, i = the voltage value on bus j at contingency of line 

i.(kV) 

Vjmin = minimum voltage limit on bus j. (kV) (135kV) 

(PLN standard -10% + 5%) 

Vjmax = maximum limit of the voltage on bus j. (kV) 

(157.5kV) (PLN standard -10% + 5%) 

                                            (3) 

 

2.2.  Flowchart 

Model the problem with the help of ETAP 12.6 

application to calculate the newton rapson power flow 

in the 150 kV Madura power system. The research stage 

of the contingency analysis of the 150 kV Madura 

electricity network system using the 1P1Q method 

includes the flow chart in Figure 1 below. 
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Figure 1 Flowchart. 

2.3.  Research data 

This research data is electricity system 150 KV 

Madura includes a Single line diagram of Madura  150 

kV electricity power system with region sub-system 

Krian 1,2 Gresik,  Data transmission line parameters,  

Data transformer,  Bus data, Peak-load data. 

3. RESULT AND DISCUSSION 

3.1.  Madura 150 kV electricity power system 

Madura island included in region krian subsystem – 

1.2 – gresik consisting of 5 substations (GI) with GI 

Bangkalan, GI Gilitimur, GI Sampang, GI Pamekasan, 

GI Sumenep to meet the load needs of Madura island 

which when peak load happens can reach 200 MW (PT. 

PLN APB REGION 4). Single line and result is shown 

in figure 2 below : 
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Figure 2 Madura Transmission Network Configuration 

Power flow at the normal condition (before 

contingency) shows Madura 150 kV electricity power 

system in good condition, each bus connected to the 

system works well to deliver electrical energy according 

to the demand of each bus without overload or 

undervoltage. There show the table of results from the 

simulation of load flow during normal conditions 

(before contigency) with peak load in table 1: 

Table 1. Power Flow result of Madura  150 kV 

electricity power system Before Contigency (Normal)  

No. Line Active 

Power (MW) 

1 Infinity – Gilitimur A 84.3 

2 Infinity – Bangkalan A 76.8 

3 Gilitimur B – Bangkalan B 77.2 

4 Bangkalan A – Sampang A 53.3 

5 Bangkalan B – Sampang B 53.3 

6 Sampang B – Sumenep 23.2 

7 Sampang A– Sumenep 49.2 

8 Sumenep – Pamekasan 6.7 

3.2. Madura 150 kV electricity power system 

contingency scenario 

Contingencies on transmission lines in this study 

consist of eight outage scenarios. The outages modeled 

on every transmission line in Madura 150 kV electricity 

power system. The following contingency scenarios in 

the study are shown in table 2 below : 

Table 2. Scenario contigency  

Scenario. Outage 

1 Infinity – Gilitimur A 

2 Infinity – Bangkalan A 

3 Gilitimur B – Bangkalan B 

4 Bangkalan A – Sampang A 

5 Bangkalan B – Sampang B 

6 Sampang B – Sumenep 

7 Sampang A– Sumenep 

8 Sumenep – Pamekasan 

3.3.  1P1Q method (Performance index)  

Contingency ranking can be calculated using several 

methods. One of the methods used is the 1P1Q 

(Performance Index) method. The Index Performance 

Method consists of two parts, there are the Performance 

Index Power flow and the Performance Index Voltage. 

The index performance ranking aims to sort based 

on the ranking of index performance from highest to 

lowest. The following is table 3 ranking the 

performance index contingency scenario of the 150 kV 

Madura power system: 
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Table 3. Performance index of Madura 150 kV 

electricity power system 

Rangki

ng  

Scen

ario  

PI flowi PI V PI 

1 2 6.8794018 9.2767627 16.156164 

2 1 4.1894455 9.2810778 13.470523 

3 4 4.0020828 9.2788603 13.280943 

4 5 4.002082 9.2788603 13.280943 

5 3 3.950865 9.2776889 13.228554 

6 7 3.832822 9.2800853 13.112908 

7 6 3.719607 9.2727083 12.992315 

8 8 3.310401 9.2704502 12.580851 

Based on the results of the contingency scenario, the 

150 kV Madura power system has an impact on the 

power flow and voltage in the system. Table 4 shows 

the ranking order of the Performance Index after the 

contingency scenario 1 to 8 in the 150 kV Madura 

power grid system. The first ranking for the 

Performance Index contingency occurs in contingency 

scenario 2 (Infinity - Bangkalan A). The ranking in the 

2nd contingency scenario is worth 16.10830325. This 

shows that the Infinity -Bangkalan A line plays an 

important role in the 150 kV Madura power grid system. 

The greater  PI value on the transmission line indicates 

that has a bad impact such as a blackout in a power 

system when there is an outage. During contingency 

scenario 2, the line connecting the Infinity bus and the 

bus - Bangkalan A is cut off. This resulted in the power 

supply obtained on the infinite side of Krian 1,2- Gresik 

Sub-System only transmission line through the Infinity - 

Gilitimur transmission line. 

3.4. Prevention of Contingent Impacts 

Based on the index performance value in table 4, the 

worst impact is when the contingency occurs in the 2 

infinity-base scenario which results in an overload of 

the 150 kv Madura power system. In the scenario 2 

infinity-bangkalan where two transmission lines are 

overloaded and exceed the maximum value limit of the 

transmission line power, there are the infinity-gilitimur 

of 157.5 MW with a maximum value limit of channel 

power of 92,359 MW and the gilitimur-bangkalan 

channel of 149 MW with a maximum value limit of 

transmission line power. of 88,616 MW as in table 4 

below: 

 

 

 

 

 

Table 4. Infinity-bangkalan power flow results scenario 

at madura 150 kv electric power system 

Scenario Pmax Pline 

1 92.359 157.5 

2 89.933 0 

3 88.616 149 

4 84.639 51.2 

5 84.639 51.2 

6 81.538 22.3 

7 82.206 47.3 

8 80.939 6.5 

 Therefore it is necessary to have load shedding (load 

shedding) on the side of the bus and the amount of load 

removed is: 

• Infinity-gilitimur 
  

  

  

  

  

• Gilitimur-bangkalan 
  

  

  

  

  

Load shedding will be selected based on the 

sensitivity factor which has the aim of choosing which 

buses are suitable to be removed. And when the load is 

removed, it is 87,638 MVA because it is seen from the 

infinity, which is also a transmission line before the 

bases, the load shedding scheme and the results of the 

scenario above, scheme 6 is chosen, there are the load 

shedding on the sampang, Sumenep, Pamekasan buses 

because by shedding loads of 87,638 MVA the power 

flow at the infinity-architecture becomes 72.9 MW. 

Thus the transmission line becomes safe because the 

power flow is below the maximum value limit of the 

channel power of 72.9 MW is  shown in table 5 below: 
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                           Table 5. Load shedding scheme

Scenario Bus load  MVA All load MW 

1 Gili timur   4.332 and 2.932 94.984 81.9 

Bangkalan  21.493 and 31.549 

Sampang  34.678 

2 Bangkalan  21.493 and 31.549 87.72 84.9 

Sampang  31.678 and 4.185 

3 Bangkalan  21.493 and 31.549 90.841 87.9 

Sumenep  25.817 and 11.982 

4 Bangkalan  21.493 and 31.549 102.125 74.7 

Pamekasan  18.866 and 32.217 

5 Sumenep  25.817 and 11.982 88.882 89.6 

Pamekasan  18.866 and 32.217 

6 Sampang    31.678 and 4.185 95.528 72.9 

Sumenep   25.817 and 11.982 

Pamekasan  18.866 

7 Sampang    31.678 and 4.185 89.946 87.5 

Pamekasan 18.866 and 32.217 

4. CONCLUSION 

The conclusion of this study based on the results of 

the calculation 1P1Q method in each contingency 

scenario 1 to 8 in the Madura 150 kV Electricity Power 

System with the highest ranking is 16.10830. The 

ranking occurs during the contingency scenario 2 

(Infinity - Bangkalan A). This highest performance 

index ranking resulted in overload on two transmission 

lines, there are Infinity - Gilitimur and Gilitimur - 

Bangkalan which exceeded the maximum value limit for 

transmission line power flow, there is infinity-gilitimur 

transmission line of 157.5 MW with a maximum value 

limit of transmission line power flow of 92,359 MW 

and a gilitimur-bangkalan transmission line of 149 MW. 

with a maximum value limit for transmission line power 

flow of 88,616 MW. So there is prevention with load 

shedding of 87,638 MVA with scenario 6 in table 4:24 

of load shedding on the bus Sampang, Sumenep, 

Pamekasan because by shedding loads of 95,528 MVA 

the power flowing at infinity-gilitimur becomes 72.9 

MW. 
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