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Abstract. Indonesia is located on the equator which has a good intensity of solar radiation 

throughout the year. This radiation condition gives the potential for photovoltaic placement in 

Indonesia. Jeneponto Regency is one of the areas in South Sulawesi that has the high potential 

for the construction of photovoltaic (PV) with irradiation levels reaching 5.404 kWh/m2/day. 

This research aims to determine the location of photovoltaic and capacitor interconnection points 

in the 20 kV Jeneponto distribution system for optimizing voltage stability and minimizing 

power losses. The optimal simulation of the determination of interconnection points is carried 

out by simulating photovoltaic placement in different main buses, which are Jeneponto main 

distribution substation, Jeneponto switching substation, Tolo switching substation and Benteng 

switching substation. The results analysis showed that the photovoltaic interconnection point in 

Benteng switching substation produces the smallest power losses and all loads have a voltage 

profile that complies with both IEEE and PLN voltage standards. 

1.  Introduction 

In general, solar energy does not only consist of direct sunlight to earth, but also includes indirect effects 

of the sun, which can be used as an energy source. How much energy is expended by the sun is difficult 

to imagine. According to an estimation, the solar core is a thermonuclear furnace with a temperature of 

100 million oC, which can convert 5 tons of material into energy emitted into space as much as 6.41 

x102 W/m2 [1]. 

Indonesia that is located in the equatorial climate has the daily average of solar light of 4000-5000 

Wh/m2, while the average number of hours of sun exposure is between 4 to 8 hours per day [2]. Indonesia 

experiences a number of rainy days of around 170 days per year, the average air temperature between 

26 to 32̊ C with relative humidity averaging 80 to 90% and never drops below 60%. The condition of 

the sky in the tropics is cloudy, because the direct sunlight component is less than 40%. According to 

the National Energy Board, Indonesia has solar energy potential around 4.8 kWh permeter-square or 

112,000 GWp [3]. These details are important for the study of solar energy, especially in the 

manufacture and selection of solar collectors for thermal solar systems. Fig. 1 shows the photovoltaic 

power potential in Indonesia and Fig. 2 describes the global horizontal irradiation map for South 

Sulawesi Province. 
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Figure 1.  Photovoltaic power potential in Indonesia [4] 

 

Figure 2.   Global Irradiation Horizontal map for South Sulawesi Province [4] 

Based on the forecast of the electricity needs by the Indonesian National Electricity Company (PLN) 

listed in the 2016 - 2025 Electricity Supply Business Plan, electricity demand in 2025 will be 457 TWh 

or grow by an average of 8.6% per year for 2016 period up to 2025 [5].  

Nowadays, photovoltaic is the most used energy conversion among renewable energy generation [6]. 

The development of photovoltaic will be very helpful in meeting the electricity needs and dealing with 

the environmental deterioration in Indonesia [7]. In addition, a 1 kWp PV installation can help to reduce 

CO2 emission for 25-30 tons during its lifetime [8, 9]. However, the determination of PV interconnection 

points needs to be considered carefully because PV cannot be connected straightforward in a system 

with other existing plants. Hence it is necessary to do research, observation and proper calculations to 

determine the interconnection location [10]. The study of determining the location of PV interconnection 

points needs to be done to minimize network losses and optimize the voltage profile and voltage stability 

in the interconnected power system [11-13]. Other issues that need to be overcame with PV integration 

is its dispatchability [14], congestion management [15] and optimal operation of system [14, 16, 17]. 

Based on irradiation data obtained from Solargis shows that Jeneponto Regency has the highest 

irradiation level in the Southern Sulawesi power system area with global horizontal irradiation of 2020 

kWh/m2, horizontal diffuse irradiation of 776 kWh/m2 and direct normal irradiation of 1724 of 

kWh/m2/year [4]. By taking into account this irradiation data, the research on determining PV placement 

was carried out by focusing to the determination of PV in the 20 kV feeder distribution system of 

Jeneponto Regency. Fig. 3 provides information on global horizontal irradiation (GHI), horizontal 

diffuse irradiation (HDI) and direct normal irradiation (DNI) in Jeneponto Regency. 



The 3rd International Conference On Science

Journal of Physics: Conference Series 1341 (2019) 052011

IOP Publishing

doi:10.1088/1742-6596/1341/5/052011

3

 

 

 

 

 

 

 
Figure 3.  Global Horizontal Irradiation (GHI), Horizontal Diffuse Irradiation (HDI) and Direct 

Normal Irradiation (DNI) values in Jeneponto Regency 

 

However, PV can only produce active power. On the other hand, an electric power system does not 

only require active power supply, but also requires reactive power. Therefore, in addition to plants that 

only produce active power such as PV, studies need to be carried out on reactive power compensation 

equipment as well, such as capacitors to inject reactive power into electric power systems [18, 19]. 

Therefore, this study examines PV interconnection and capacitors in minimizing network losses and 

optimizing voltage stability in the Jeneponto distribution system. 

2.  Methodology 

To find PV and capacitor placement locations, this study uses the Newton-Raphson method power flow 

analysis with the objective function of minimizing network losses as well as optimizing voltage profiles 

and voltage stability. The Newton Raphson power flow analysis is more efficient and practical for use 

on radial systems because it has fewer number of iterations to reach the convergent values. The Newton 

Raphson power flow algorithm can be explained as follows [20]: 

1. Equation of active power on the bus i: 

𝑃𝑖 = ∑|𝑉𝑖||𝑉𝑗||𝑌𝑖𝑗| cos(𝛳𝑖𝑗+𝛿𝑖 − 𝛿𝑗)

𝑛

𝑗=1

                                                (1) 

2. Equation of reactive power on the bus i: 

𝑄𝑖 = ∑|𝑉𝑖||𝑉𝑗||𝑌𝑖𝑗| sin(

𝑛

𝑗=1

𝛳𝑖𝑗+𝛿𝑖 − 𝛿𝑗)                                                 (2) 

3. If ∆𝑃𝑖
(𝑘)

 dan ∆𝑄𝑖
(𝑘)

 do not reached the convergence value in the initial iteration then it will be 

continued by assigning Jacobian matrix elements.  

4. Compute the new value for phase angle 𝛿(𝑘+1) and voltage magnitude 𝑉(𝑘+1) 

∆𝛿𝑖
(𝑘+1)

= 𝛿𝑖
(𝑘)

+ ∆𝛿𝑖
(𝑘)

                                                            (3) 

|∆𝑉𝑖
(𝑘+1)

| = |𝑉𝑖
(𝑘)

| + ∆ |𝑉𝑖
(𝑘)

|                                                      (4) 

5. If the new value of the phase angle and voltage magnitude are obtained, then continue to the next 

iteration process.  

6. Iteration process stops when all values converge (𝜀) 
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The power flowing from bus i to bus j is obtained by this equation: 

𝑆𝑖𝑗 = 𝑃𝑖𝑗 + 𝑗𝑄𝑖𝑗 = 𝑉𝑖 . 𝐼𝑖𝑗
∗                                                               (5) 

Whereas current flowing from bus i to bus j is computed by using:  

𝐼𝑗𝑖 = (𝑉𝑗 − 𝑉𝑖 +  𝑉𝑗

𝑌′
𝑗𝑖

2
)                                                            (6) 

Hence, network power losses at line i-j becomes: 

𝑆𝐿𝑖𝑗 = (𝑆𝑖𝑗 + 𝑆𝑗𝑖)                                                                  (7)    

Where, 

|𝑉𝑖
(𝑘+1)

| = New voltage magnitude value 

|𝑉𝑖
(𝑘)

| = Old voltage magnitude value 

∆|𝑉𝑖
(𝑘)

| = Voltage correction value 

∆𝛿𝑖
(𝑘+1)

 = New phase angle value  

𝛿𝑖
(𝑘)

  = Old phase angle value 

∆𝛿𝑖
(𝑘)

 = phase angle correction value  

The procedure for completing the iteration process will stop if the convergent value has been fulfilled. 

The decrease in voltage in the distribution network is the difference between the voltage at the 

sending end and the voltage at the receiving end. On the AC lines, the size of the voltage drop also 

depends on the value of impedance, line admittance, load and power factor. 

3.  Results and Analysis 

3.1.  Jeneponto Distribution Network Data 

The network data used in this study is obtained from the PT. PLN (Persero) Transmission Service Unit 

and the Substation which is in charge of Jeneponto distribution network. In the Jeneponto distribution 

system, there are 1 distribution substation, 3 switching substations and 10 feeders. The substations in 

the Jeneponto distribution system are Jeneponto distribution substation, Tolo switching substation, 

Jeneponto switching substation dan Benteng switching substation. 

3.2.  Initial Power Flow Analysis  

This simulation is for observing the initial values before PV and capacitor placement. For the initial 

conditions, the network active power losses are 931.95 kW. The total active power from the grid, total 

load and losses as well as their values in percentage can be seen in Fig. 4 and 5, respectively. There were 

around 136 loads that experienced under voltage conditions as seen in Table 1.  

 

Figure 4.  Comparison active power of the grid, 

total load and losses 

Figure 5.  Total load and losses in 

percentage 
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Table 1.  List of feeders with under voltage condition  

Feeder Under voltage Amount of loads 

Pasar Karisa No 0 

Bantaeng No 0 

Tolo No 0 

Malakaji No 0 

Taring No 0 

Kodim No 0 

Bontosunggu No 0 

Sapanang No 0 

Karamaka Yes 15 

Bontotangnga Yes 121 

3.3.  Power Flow Simulation with PV Integration  

This study reviews changes in network losses if PV is integrated into the Jeneponto distribution system. 

This simulation aims to see the condition of power flow after the placement of PV in the Jeneponto 

distribution system. The simulated PV capacities are 1 MWp, 3 MWp and 5MWp. The simulations are 

done at 4 locations according to the substations in Jeneponto. Fig. 6 shows the magnitude of the total 

network losses and the lowest bus voltage for 1 MWp PV placement if it is placed in Jeneponto 

distribution substation, Tolo switching substation, Jeneponto switching substation and Benteng 

switching substation. It can be seen from the placement of 1 MWp PV, placing PV on Benteng switching 

substation will result in the lowest network losses, which are 610.23 kW and the system voltage profile 

is more stable, with th lowest voltage of 0.95 p.u. compared to PV placement at another substations. 

 
Figure 6.  Total network losses and the lowest bus voltage for 1 MWp PV placement at different 

substations 

 

Fig. 7 shows the results of the total network losses calculation if PV of 1 MWp, 3 MWp and 5 MWp 

are placed on substations in the Jeneponto distribution system. It can be seen that the most suitable PV 

capacity placed is 3 MWp in Benteng switching substation with the minimum total network losses of 

561.29 kW. This is the smallest network losses compare to other PV size and locations. In addition, with 

this capacity, the voltage profile at Jeneponto distribution system are within the IEEE and the PLN 

standard. 
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Figure 7.  Total network losses for 1 MWp, 3 MWp and 5 MWp PV placement at different substations 

3.4.  Power Flow Simulation with PV 1 MWp and Capacitors 

This simulation is to assess whether the system needs reactive power injection. Fig. 8 compares total 

network losses and the lowest bus voltage for 1 MWp PV and 1 MWp PV plus capacitor of 2.8 MVAr 

at Benteng switching substation placement. Based on Fig. 8, there is an increase of losses in the system 

of 610.23 kW to 687.2 kW if capacitor is added to the system. Nevertheless, with capacitor, the system’s 

voltage becomes more stable, where the lowest voltage value increase from 0.95 p.u. to 0.97 p.u.  

 
Figure 8.  Total network losses and the lowest bus voltage for 1 MWp PV and 1 MWp PV plus 

capacitor at Benteng switching substation placement 

4.  Conclusions 

The voltage stability in the Jeneponto distribution system before the integration of PV shows that the 

Jeneponto distribution system still has some loads that are in under voltage conditions. The selection of 

the best location for interconnection point in the Jeneponto Distribution System is Benteng switching 

substation where the simulation results show the smallest losses and voltage profiles that are still within 

the IEEE and PLN standard with a voltage tolerance of 0.9 p.u. to 1.05 p.u. The most optimal PV 

capacity is 3 MWp which is placed on the Benteng switching substation. The addition of capacitors in 

the Jeneponto distribution system makes network losses increase but can improve the system's voltage 

profile. 

Acknowledgements 

The authors gratefully acknowledge the Indonesian Ministry of Research, Technology and Higher 

Education for providing the research grant and support in this work. 

68
0.

45

68
0.

03

66
1.

8

61
0.

23

70
2.

86

71
3.

67

68
3.

99

56
1.

2974
6.

98

81
1.

44

77
9.

48

62
0.

07

J E N E P O N T O  
D I S T R I B U T I O N  

S U B S T A T I O N

T O L O  S W I T C H I N G  
S U B S T A T I O N

J E N E P O N T O  S W I T C H I N G  
S U B S T A T I O N

B E N T E N G  S W I T C H I N G  
S U B S T A T I O N

N
et

w
o

rk
 lo

ss
es

 (
kW

)

1 MWp 3 MWp 5 MWp

0.94

0.945

0.95

0.955

0.96

0.965

0.97

0.975

560

580

600

620

640

660

680

700

PV 1 MWp PV 1 MWp and capacitor

vo
lt

ag
e 

(p
.u

.)

Lo
ss

es
 (

kW
)

Losses (kW) Voltage (p.u.)



The 3rd International Conference On Science

Journal of Physics: Conference Series 1341 (2019) 052011

IOP Publishing

doi:10.1088/1742-6596/1341/5/052011

7

 

 

 

 

 

 

References 

[1] Tiwari G and Ghosal M  2017 Fundamentals of Renewable Energy Sources: Alpha Science 

International Ltd. 

[2] Rumbayan M, Abudureyimu A, and Nagasaka K 2012 Mapping of solar energy potential in 

Indonesia using artificial neural network and geographical information system  Renewable and 

Sustainable Energy Reviews 16 1437– 49 

[3] Dewan Energi Nasional Republik Indonesia  2016 Outlook Energy Indonesia 2016  Jakarta: 

Kementerian Energi dan Sumber Daya Mineral 

[4] Solargis. 2017, 14 May. Global Horizontal Irradiation (GHI) - Indonesia. Available: 

https://solargis.info/ 

[5] PT PLN (PERSERO)  2016 Rencana Usaha Penyediaan Tenaga Listrik (RUPTL) PT PLN 

(PERSERO) 2016 - 2025  Jakarta 

[6] Hernández-Callejo L, Gallardo-Saavedra S, and Alonso-Gómez V 2019 A review of photovoltaic 

systems: Design, operation and maintenance  Solar Energy 188 426-40 

[7] Fang W, Huang Q, Huang S, Yang J, Meng E, and Li Y 2017 Optimal sizing of utility-scale 

photovoltaic power generation complementarily operating with hydropower: A case study of 

the world’s largest hydrophotovoltaic plant  Energy Convers. Manag 136 161–72 

[8] Serrano-Luján L, Espinosa N, Abad J, and Urbina A 2017 The greenest decision on photovoltaic 

system allocation  Renewable Energy 101 1348-56 

[9] Guo X, Lin K, Huang H, and Li Y 2019 Carbon footprint of the photovoltaic power supply chain 

in China  Journal of Cleaner Production  

[10] Nappu M B, Arief A, and Bachtiar M I 2018 Strategic Placement of Capacitor and DG for Voltage 

Improvement after Large Penetration of Renewable Energy Power Plant: An Indonesian Study 

in Proc. of 2018 7th International Conference on Renewable Energy Research and Applications 

(ICRERA) Paris, France, 14-17 October  

[11] Komiyama R and Fujii Y 2019 Optimal integration assessment of solar PV in Japan’s electric 

power grid  Renewable Energy 139 1012-28 

[12] Arief A, Nappu M B, Rachman S M, and Darusman M 2017 Optimal Photovoltaic Placement at 

the Southern Sulawesi Power System for Stability Improvement in Proc. of 2017 4th 

International Conference on Information Technology, Computer, and Electrical Engineering 

(ICITACEE) Semarang, Indonesia, 19 October 87 - 92. 

[13] Setiawan A, Qashtalani H, A Damar Pranadi, Ali F C, and Setiawan E A 2019 Determination of 

Optimal PV Locations and Capacity in Radial Distribution System To Reduce Power Losses  

Energy Procedia 156 384-90 

[14] Fernández R, Ortiz C, Chacartegui R, Valverde J M, and Becerra J A 2019 Dispatchability of 

solar photovoltaics from thermochemical energy storage  Energy Conversion and Management 

191 237-46 

[15] Bachtiar Nappu M, Arief A, and Bansal R C 2014 Transmission management for congested power 

system: A review of concepts, technical challenges and development of a new methodology  

Renewable and Sustainable Energy Reviews 38 572-80, DOI:10.1016/j.rser.2014.05.089 

[16] Nappu M B and Arief A 2016 Network Losses-based Economic Redispatch for Optimal Energy 

Pricing in a Congested Power System  Energy Procedia 100 311-14 

[17] Liu X, Zhang P, Pimm A, Feng D, and Zheng M 2019 Optimal design and operation of PV-battery 

systems considering the interdependency of heat pumps  Journal of Energy Storage 23 526-36 

[18] Arief A, Nappu M B, and Antamil 2018 Analytical Method for Reactive Power Compensators 

Allocation  International Journal of Technology 9(3) 602-12 

[19] Mustafa S, Arief A, and Nappu M B 2018 Optimal capacitor placement and economic analysis 

for reactive power compensation to improve system's efficiency at Bosowa Cement Industry, 

Maros in Proc. of 2018 International Conference on Information and Communications 

Technology (ICOIACT) 778-83. 

[20] Saadat H  2002 Power System Analysis 2nd ed. Boston ; Sydney McGraw-Hill Primis Custom 


