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AbstractAn Injection of a renewable energy generator will 

cause a change in power flow in the existing system and can 

affect the overall system stability. With the injection of new 

generator, an evaluation of the power system needs to be 

done to update data in relation to the condition of power 

system. In this study, simulations of steady state analysis 

and dynamic stability were carried out which included 

rotor angle stability, frequency stability and voltage 

stability, as well as critical clearing time to evaluate the 

impact of Jeneponto Wind Power Plant (WPP) injection on 

SULSELBAR power system performance in Indonesia. The 

steady state analysis results show that voltage profile of the 

system has improved and reduced active power losses of 

0.11%, reactive power of 0.12% after injection of the WPP. 

Next, dynamic stability analysis shows recovery time of the 

rotor angle, frequency and voltage can return to the steady 

state condition after experiencing interference with 

duration of 0.823 sec. The critical clearing time after the 

WPP injection is longer the duration of the interruption, i.e. 

the duration of the interruption time 0.1889 sec the rotor 

angle experienced synchronous release.  

Index Termssteady state and dynamic stability, critical 

clearing time, SULSELBAR power system, Wind Power 

Plant (WPP)  

I. INTRODUCTION 

Renewable energy is the type of an alternative energy 

that can be used to replace the natural energy in the earth 

[1]. Natural fuels on earth cannot be easily obtained. This 

is due to the process of formation of earth energy that has 

lived for hundreds of thousands of years [2]. Therefore, 

we need a new energy source that can be used without 

fear of exhaustion. Indonesia can be an excellent place to 

develop alternative energy. With Indonesia's rich nature, 

it is very easy to find a variety of energy sources that are 

more environmentally friendly [3]. 

In particular, the regions in the SULSELBAR power 

system have many potential renewable energy sources, 

such as biomass energy, water, wind and sun that need to 

be developed in order to meet the demand for long-term 

electrical energy needs [4], [5]. 
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Electricity needs in the SULSELBAR power system 

are mostly located in the southern part of the city, in the 

city of Makassar and its surroundings, while the potential 

for generating renewable energy is in the northern and 

central parts of the region. This condition becomes a 

separate problem related to the stability of the system 

because the transmission that connects the power plant to 

the center of the load is very long. Based on the Power 

Supply Business Plan (RUPTL) PT.PLN (Persero) Year 

2018-2027 regarding utilization of renewable energy for 

electricity generation, the power utility which manage 

SULSELBAR power system will construct a new WPP 

in Jeneponto regency (60 MW) [6]. 

Power systems need to be operated with established 

standards. Therefore, it is necessary to plan power 

systems and operate power systems properly [7]. 

Planning the development of a power system will involve 

the problem of how to design power plants, transmission 

and distribution channels that are tailored to future 

energy needs. As an initial plan, it is necessary to 

estimate the burden in the medium term (around 5-10 

years). The type of plant that will be built must be 

determined [8]. 

WPP injection will cause a change in power flow in an 

existing system, and will affect the overall system 

stability [9]. With the WPP injection an evaluation of the 

power system needs to be done to update the system data 

[10], [11]. This data is useful in the operation of the 

system as well as in the design of power system 

development in the future. The existence of variations in 

load and disruption in the system will affect the system 

stability and the dynamic response of scattered plants. 

Therefore, an analysis of the system needs to be done to 

determine the effects that arise on the system. 

To dealing with the situation above, steady state and 

dynamics analysis can be performed. Research works in 

this area has been done by many researchers to evaluate 

penetration of renewable energy power plant at certain 

power system using various methods or solutions such as 

in [12]. As in [13], steady state and dynamic analysis 

studies are used as a basis for future power system 

development planning and important to evaluate 

condition of existing power system. 
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In this research, we focus to analyze the effect of WPP 

injection that arises on SULSELBAR power system in 

Indonesia. For this purpose, power flow analysis is 

initially done to determine the voltage profile and power 

loss that might occur in the system [14]. Next, steady 

state analysis and dynamic analysis in the form of rotor 

angle stability, frequency stability and voltage stability 

before and after injection of WPP Jeneponto is carried 

out to find out system performance in the event of a fault 

[15]. 

II. POWER SYSTEM STABILITY 

The stability of a system physically refers to the ability, 

of the system to return to its initial equilibrium position 

in the event of a disturbance or point to a new 

equilibrium that generally approaches the old balance 

point [16]. Disruptions that occur can be minor 

disturbances or large disturbances that can make the 

system unstable [17]. The characterization of the power 

system at the time of the steady state before the 

disruption will determine the dynamic behavior of a 

system. Stimulation of the system that will cause the 

transient or permanent isolation will affect the system as 

a whole. Therefore, dynamic analysis of the system can 

help in providing a robustness of a system to return to its 

normal state after a disturbance occurs, which further 

stabilizes the power level of the power system [18]. 

Analysis of generator injection in the power system has 

also become a major concern of researchers including 

injection in the distribution system in the form of 

scattered generators injection with renewable energy 

[19]-[21]. The impact of the generator injection is spread 

in transmission stability [22], not so noticeable at low 

power concentrations. But in large penetration, the 

impact is not limited to the distribution network but starts 

to affect the entire system including the transmission 

system. The level of penetration of the scattered 

generator affects the stability system in the transmission 

system [23]. 

A. Steady State Analysis  

Power flow analysis is an analysis that is used to 

determine voltage, current, active power and reactive 

power in various points in a power network in the case of 

normal operation. In addition to being used for future 

power system development planning, it can also be used 

to evaluate the existing power system conditions [24]. As 

commonly known, each bus in a power network has four 

parameters, namely active power (P), reactive power (Q), 

magnitude (V), and voltage angle (δ) which the buses are 

grouped into three types, namely reference bus (slack 

bus), generator bus, and load bus. Next, the performance 

equation of the power system can be generally expressed 

as an admission form as follows [15]: 

bus bus busI Y V                                (1) 

where Ibus is the current of the injection bus (A), Ybus is 

the admittance matrix (Ʊ), and Vbus is the bus voltage (V). 

The flow injection on a bus p can be formulated by 

1

n

p pq q
q

I Y V


                                (2) 

where Ip is the current on bus p, Vq is the voltage on bus q, 

Ypq is the impedance between the bus p and bus q, and p 

= 1, 2, ⋯, n. 

The active power and reactive power on the bus i are 

P p p pP jQ V I                               (3) 

or 

p p

p

p

P jQ
I

V


                                    (4) 

where Vp is the voltage on bus p, Pp is the active power 

on bus p, and Qp is the reactive power on bus p. 

The power flow equation is solved by using the 

iteration process, assigning approximate values to 

unknown bus voltages, and calculating new values for 

each voltage on the bus from the other bus estimated 

values. To solve the power flow analysis method used in 

this study is the Newton-Raphson method. This method 

applies the modified Taylor Series to obtain the 

derivative of mathematical equations as the basis for an 

iteration calculation involving the use of the Jacobian 

Matrix. 

With substitution Eq. (2) into (3), it is obtained  

1

n

p P p p pq q pq q
q

P jQ V Y V  


 
     

 
      (5) 

or 

1

( )
n

p P p pq q pq q p
q

P jQ V Y V   


            (6) 

The separation of the real and imaginary parts will get 

the common real power equation on bus p is 

1

cos( )
n

p pq q p

q

p q pqP V V V   


              (7) 

Meanwhile equation for reactive power on bus p is 

 
1

sin
n

p p q pq pq q p
q

Q V V V   


             (8) 

B. Dynamic Stability Analysis 

1) Rotor angle stability 

In a synchronous engine, the main drive gives a 

mechanical torque (Tm) to the engine shaft and the engine 

produces an electromagnetic torque (Te). When the fault 

occurs, the mechanical torque is greater than the 

electromagnetic torque, and produces acceleration torque 

(Ta) as follow [25]: 

a m eT T T                                       (9) 

where Ta is the acceleration torque, Tm is the mechanical 

torque, and Te is the electromagnetic torque. 

For a stable system during interference, the rotor angle 

will oscillate around the balance point. When an 

interruption occurs or a sudden increase in load in large 
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quantities, the electrical discharge of the generator will 

far exceed the mechanical entry power. So the generator 

will spin more slowly so that the generator power angle 

increases and the generator's input power also increases. 

If the angle of rotation increases indefinitely, the machine 

is said to be unstable while the engine continues to 

accelerate and does not reach a new equilibrium state. In 

multiple machines, the machine will release 

synchronization with other machines. The critical 

clearing time is decreased if the fault location is close to 

the main generator or slack bus [17], [26]. 

2) Frequency stability 

Frequency stability is related to the ability of the 

power system to maintain frequency stability in the 

nominal range [27]. This depends on the ability to restore 

the balance between the generator system and the load, 

with nominal losses on the load. Electromechanical 

modes involving this time usually occur in the frequency 

range 0.1-2 Hz. The mode between regions is associated 

with groups of machines swing against other groups 

through the transmission line. Higher frequency 

electromechanical modes (1-2 Hz) usually involve one or 

two   generators   that   swing   against   the  entire  power  

system or electric engine that swings with one another. 

3) Voltage stability 

Voltage stability refers to the ability of a power system 

to keep the voltage stable on all buses in a system after 

experiencing an interruption to the initial operating 

conditions [28]. If the voltage stability is maintained, the 

voltage and power on the system can be controlled 

anytime. In general, the inability of the system to supply 

the necessary requirements causes voltage instability. A 

system enters the area of voltage instability when a 

disturbance causes the system to experience an 

uncontrollable voltage drop. 

III. STUDIED SYSTEM 

Steady state and dynamic stability simulation for 

SULSELBAR power system in this study used peak load 

data for the system in year 2018 (1050 MW) [29] with 

single line diagram obtained from PT. PLN (Persero) 

Makassar [4]. Selected disturbance location for dynamic 

stability simulation is Tallasa bus as area of the bus get 

interrupted on November 11, 2017 which caused 

blackout system [30]. (Fig. 1). 

 

Fig. 1. Single line diagram SULSELBAR system. 

C. Analysis of Steady State Conditions Before and After 

WPP Jeneponto Injection 

WPP Jeneponto load flow simulation results in 

SULSELBAR interconnection power system, there is a 

voltage profile improvement which is located on new 

Bantaeng bus of 0.99 pu, Bulukumba at 0.99 pu, 

Jeneponto at 1 pu, Sinjai at 0.98 pu, Tallo Lama equal to 

1.04 pu and voltage before injection of WPP Jeneponto, 

new Bantaeng bus is 0.97 pu, Bulukumba is 0.98 pu, 

Jeneponto is 0.98 pu, Sinjai is 0.97 pu, Tallo Lama of 

1.05 pu. This happens because the addition of WPP 

injection to the system and the increase in voltage is still 

within the allowable limit of +5%, -10% as shown in Fig. 

2. 

 
Fig. 2. Profile of voltage before and after WPP Jeneponto injection 
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Total losses in load flow simulation after WPP 

Jeneponto injection are active power of 60.411 MW and 

reactive power 272.256 MVAR. This has decreased 

losses as shown in Table I. 

TABLE I. LOAD FLOW BEFORE AND AFTER WPP INJECTION 

Power flow & losses 
Before 

injection 

After 

injection 

Total Generation 

Active power (MW) 1111.692 1110.409 

Reactive power (MVAR) 612.905 607.328 

Total Load 

Active power (MW) 1050 1050 

Reactive power (MVAR) 337.398 335.073 

Total Losses 

Active power (MW) 61.694 60.411 

Reactive power (MVAR) 275.507 272.256 

Active Power Percentage (%) 5.55% 5.44% 

Reactive Power Percentage (%) 44.95% 44.83% 

 

From Table I shows the total losses comparison before 

and after WPP injection, which was obtained before WPP 

injection of active power losses of 5.55 % and reactive 

power of 44.95 %. After WPP injection the active power 

losses drop to 5.44 % and reactive drops to 44.83 %, so 

the decrease in active power losses is 0.11% and the 

reactive power losses decrease by 0.12 % load flow after 

WPP injection. 

A. Analyzing Dynamic Conditions Before WPP 

Jeneponto Injection (Fault on GI Tallasa) 

1) Rotor angle stability 

The results of the stability of the rotor angle stability 

of the SULSELBAR system before the WPP Jeneponto 

power injection are shown in Fig. 3. The results of the 

stability of the combined cycle power plant is Sengkang 

PLTGU (G1) are used as reference angle, diesel power 

plants is Sungguminasa PLTD (G6), steam power plant is 

Barru PLTU (G7) and hydropower plant is Poso PLTA 

(G13) because the system uses various types of power 

generation with many different generating units so that a 

generator is chosen that has a different rotor angle. 

In Fig. 3 the simulation results of the rotor angle graph 

of the time function can be expressed in table form as 

shown in Table II, which is when the system experiences 

interference in sec 1. 

 
Fig. 3. Rotor angle graphic f(t) before WPP Jeneponto injection 

TABLE II. ROTOR STABILITY PRIOR TO WPP JENEPONTO INJECTION 

Generators Swing 
Initial 

(Deg) 

During Disturbance 

(Deg) 

New 

(Deg) 

Steady 

State (Sec) 

G1 
Max 

Min 
54.3 

71.8 

71.1 
71.1 11.6 

G6 Max 24.3 41.3 41.1 10.7 

Min 41.1 

G7 
Max 
Min 

29.9 
47 

46.7 
46.7 10.5 

G13 
Max 

Min 
17.8 

35.8 

34.6 
34.6 9.1 

In Table II it can be seen that the angle of the rotor 

changes and can be stabilized with a new angle with 

recovery time after the disturbance is removed from the 

system at t = 1.083 sec. 

2) Frequency stability 

The simulation results of frequency before injection 

are shown in Fig. 4. Before the frequency disturbance of 

the generator G1, G6, G7 and G13 are at a working 

frequency of 50 Hz, until there is a disturbance in sec 1. 

From Fig. 4 the results of the frequency graph 

simulation of the time function can be expressed in table 

form, as shown in Table III which is when the system 

experiences a 1 sec fault. 

 
Fig. 4. Frequency graph f(t) before WPP Jeneponto injection 

TABLE III. FREQUENCY STABILITY BEFORE WPP JENEPONTO INJECTION 

Generators Swing 
During 

Disturbance 

(Hz) 

Steady State 

(Hz) 

Steady State 

(Sec) 

G1 Max 50.1 50 2.5 

G6 Max 50.2 50 1.7 

G7 Max 50.1 50 2 

G13 Max 50.05 50 2.6 

 

From Table III the frequency stability before injection, 

shows the frequency of oscillation and can be stabilized 

at a frequency of 50 Hz with a recovery time of G1 2.5 

sec, G6 for 1.7 sec, G7 for 2 sec and G13 for 2.6 sec after 

the interference has been removed from the system. 

3) Voltage stability 

Stability The pre-injection voltage is shown in Fig. 5 

for the Generator bus, Poso PLTA, Sungguminasa PLTD, 

Sengkang PLTGU and Barru PLTU, this generator bus 

before the disturbance all works at 1 pu voltage, until 

there is a disturbance at sec 1. 

 
Fig. 5. Voltage graph f(t) before WPP Jeneponto injection. 
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In Fig. 5 the results of the simulation of the voltage 

graph of the time function can be expressed in table form, 

as shown in Table IV which is when the system 

experiences a breakdown in sec 1. 

TABLE IV. VOLTAGE STABILITY BEFORE WPP JENEPONTO INJECTION 

Bus 

V 

(drop) 
(pu) 

V  

(Steady State) 
(pu) 

Time  

(Steady State) 
(sec) 

PLTA Poso 0.92 1 1.7 

PLTD Sungguminasa 0.34 1 1.6 

PLTGU Sengkang 0.61 1 1.8 

PLTU Barru 0.51 1 1.7 

 

In Table IV Voltage stability before injection, voltage 

is dropped and can be stabilized at the working voltage 

11 pu, with recovery time for bus Poso PLTA for 1.7 sec, 

Sungguminasa PLTD for 1.6 sec, Sengkang PLTGU for 

1.8 sec and Barru PLTU for 1.7 sec. 

B. Analyzing Dynamic Conditions after WPP Jeneponto 

Injection (Fault in GI Tallasa) 

1) Rotor angle stability 

Rotor angle stability after injection, with fault on GI 

Tallasa shown in Fig. 6, which is discussed on rotor 

angle on G1, G6, G7 and G13. 

From Fig. 6 the result of rotor angle graph simulation 

can be put into table as shown in Table V in which the 

system is disturbed on sec 1. 

In Table V it can be seen that rotor angle experience 

changes and can return to stabilize with a new angle in 

recovery time after breakdown is omitted from the 

system. 

 
Fig. 6. Rotor angle graph f(t) after WPP Jeneponto injection 

TABLE V. STABILITY OF ROTOR ANGLE AFTER WPP JENEPONTO 

INJECTION 

Generators Swing 
Initial 

(Deg) 

During disturbance 

(Deg) 

New 

(Deg) 

Steady 

state (Sec) 

G1 
Max 
Min 54.3 

72.1 
 72 10.1 

G6 
Max 

Min 24.5 
42.1 

 42.1 9.7 

G7 
Max 

Min 
30 

47.7 

 
47.7 9.8 

G13 
Max 

Min 
17.8 

36.1 

35.2 
35.4 9.10 

 

2) Frequency stability 

The result of frequency simulation after injection is 

shown in Fig. 7. Before disturbance in frequency in 

generator G1, G6, G7 and G13 is on working frequency 

which is 50Hz, so that disturbance happened in sec 1. 

From Fig. 7 the result of frequency graph simulation 

the function of time can be put into table, as shown in 

Table VI where the system is disturbed at sec 1. 

 
Fig. 7. Frequency graph f(t) after WPP Jeneponto injection 

TABLE VI. FREQUENCY STABILITY AFTER WPP JENEPONTO INJECTION 

Generators Swing 
During 

Disturbance (Hz) 
Steady 

State (Hz) 
Steady 

State (Sec) 

G1 Max 50.1 50 2.3 

G6 Max 50.2 50 1.6 

G7 Max 50.1 50 1.8 

G13 Max 50.05 50 2.5 

From Table VI frequency stability after injection, 

showed frequency is experiencing oscillation and can be 

stabilized on 50 Hz frequency with recovery time G1 2.3 

sec, G6 for 1.6 sec, G7 for 1.8 sec and G13 for 2.5 sec 

after disturbance is omitted. 

3) Voltage stability 

Voltage stability after injection is shown in Fig. 8 for 

bus generator Poso PLTA, Sungguminasa PLTD, 

Sengkang PLTGU and Barru PLTU, the bus generator 

before the disturbance worked properly in 1 pu voltage, 

that the disturbance happened in sec 1. 

In Fig. 8 voltage graph simulation result can be put 

into table, as shown in Table VII in which the system is 

disturbed at sec 1. 

 
Fig. 8. Voltage graph f(t) after WPP Jeneponto injection 

TABLE VII. VOLTAGE STABILITY AFTER WPP JENEPONTO INJECTION 

Bus 
V (drop) 

(pu) 

V 

(Steady state) 

(pu) 

Time 

(Steady State) 

(Sec) 

PLTA Poso 0.91 1 1.6 

PLTD Sungguminasa 0.34 1 1.5 

PLTGU Sengkang 0.61 1 1.7 

PLTU Barru 0.51 1 1.6 

 

In Table VII Voltage stability after injection, the 

voltage has dropped and can be stabilized at a working 

voltage of 1 pu, with recovery time bus Poso PLTA for 

1.6 sec, Sungguminasa PLTD for 1.5 sec, Sengkang 

PLTGU for 1.7 sec and Barru PLTU for 1.6 sec. after 
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interference is removed from the system. Before the 

system enters the maximum time of fault interruption, 

which is 0.083 sec from the time the fault occurs, the 

system is in the steady state area, so that it can operate 

safely and the power supply is maintained. 

IV. CRITICAL CLEARING TIME 

To determine the critical clearing time of the 

SULSELBAR power system before and after the WPP 

Jeneponto injection, it can be done by trial and error by 

varying the value of the interruption time. Stability 

before the injection was carried out stability simulation 

with a duration time of 0.1776 sec, 0.1778 sec and a time 

of disturbance when the rotor angle experienced 

synchronous release, as shown in Fig. 9. 

 
Fig. 9. Rotor angle clearing time graph before WPP Jeneponto injection 

From Fig. 9 the critical clearing time before injection 

with interference on the GI Tallasa, shows the generator 

on the system will experience synchronous release in the 

interruption lasting for 0.1778 sec. Whereas after 

injection is done stability simulation with a duration of 

0.1776 sec and 0.1889 sec the rotor angle experiencing 

synchronous release as shown in Fig. 10. 

 
Fig. 10. Rotor angle clearing time graph after WPP Jeneponto injection 

TABLE VIII. ROTOR ANGLE CLEARING TIME 

Generators 
Critical clearing time 

Before injection (sec) After injection (sec) 

G1 
0.1776 

0.1778 

0.1776 

0.1889 

G6 
0.1776 

0.1778 

0.1776 

0.1889 

G7 
0.1776 

0.1778 

0.1776 

0.1889 

G13 
0.1776 

0.1778 

0.1776 

0.1889 
 

From Table VIII the critical clearing time of the system 

after injection of WPP Jeneponto has a longer time of 

0.1889 sec compared to the critical clearing time of the 

system before the injection of WPP Jeneponto. 

V. CONCLUCION 

Injection effect of Jeneponto WPP to SULSEBAR 

power system in Indonesia is presented in this study. 

From results, it is concluded that impact of the WPP 

injection to steady state and dynamics stability conditions 

of the observed system can improve voltage profile, and 

reduce active power losses of 0.11% and reactive power 

of 0.12%. Other results regarding dynamic stability 

analysis (rotor angle, frequency, and voltage stability) 

shown when a fault occurs with a duration of 0.823 sec 

the SULSELBAR power system will return to stable 

condition after transient oscillation. Critical clearing time 

before injection of the WPP with disturbances on Tallasa 

GI shown that rotor angle has experienced synchronous 

release when duration of the disturbance time is 0.1778 

sec. Whereas after WPP injection with a duration of 

0.1889 sec, the rotor angle experienced synchronous 

release. 
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