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 Network reconfiguration is a very economical technique that can improve 

electrical system performance. The development of semiconductor electrical 

equipment technology to meet human needs and work, known as nonlinear 

loads, has had a negative impact in the form of the spread of harmonic 

distortion which can accelerate the aging process and even damage 

equipment. In this paper, the effect of the optimization results of network 

reconfiguration techniques on the Sungguminasa 165-bus Executive Unit 

Service or Unit Layanan Pelanggan (ULP) electrical system is contaminated 

with harmonic distortion due to the use of nonlinear loads. This technique 

was optimized using the particle swarm optimization (PSO) method with a 

multi objective function in the form of minimizing %THDv and total losses 

with several limitations. Simulation results from the optimization process of 

several study cases are shown by activating the five tie switches from the 

network reconfiguration process on the Sungguminasa 165-bus ULP system 

which is able to improve power quality by reducing the average %THDv by 

3.89% and total losses by 8.19%. 
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1. INTRODUCTION  

The radial distribution system (RDS) is the simplest and most economical network topology to 

operate [1]. In the RDS, there are tie switches (TS) and sectional switches (SS) that play a crucial role in 

altering network reconfiguration (NR). These switches are considered essential for enhancing the 

performance and reliability of the electric power system [2]. The network reconfiguration (NR) optimization 

technique has been in existence for an extended period. However, it is acknowledged for its capability to 

enhance system performance, including reducing losses, improving bus voltage levels, and ensuring the 

continuous supply of electrical energy to customers. This, in turn, contributes to an increase in system 

reliability [3]. Today, distribution automation (DA) is employed in RDS networks for the network 

reconfiguration (NR) optimization process [4], [5]. In DA, operators are significantly assisted in evaluating 

current operational conditions to make optimal decisions [6]. 

https://creativecommons.org/licenses/by-sa/4.0/
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Power quality (PQ) is one of the important parameters in the analysis of automation systems on 

RDS [7]. Semiconductor devices which play an important role in technological progress also have a negative 

effect on PQ in RDS [8]. Harmonic currents originating from the use of nonlinear loads from semiconductor 

equipment, switching processes, florescent lamps [9]. The effects that can occur include increased losses, 

decreased bus voltage levels, high heating, faster aging of equipment, damage to the insulating properties of 

equipment and even permanent damage to electrical equipment [10]. A combination of forward backward 

sweep (FBS) and harmonic load flow (HLF) power flow methods is used to analyze the distribution and 

effects of using nonlinear loads on the RDS [11]. The FBS method is used to obtain bus voltage values, 

current for each channel and channel power losses at basic frequencies, while the HLF method is used to 

obtain values for bus voltage, current for each channel and channel power losses at multiples of the 

frequency, which is called the harmonic order [12]–[14]. 

The simplified control and operational processes, along with the efficiency achieved by customers 

with the use of semiconductor devices and switching processes, necessitate that RDS have intricate 

requirements for controlling the PQ index, particularly addressing the effects of propagating harmonic 

distortion [15]. The electricity distribution network in Indonesia utilizes a radial network configuration.  

PT. PLN (Persero), as the key player in distributing and operating the electric power system, encounters 

challenges in maintaining system performance in accordance with predefined operating standards [16].  

Although considered an optimization method with a long history, the NR method is still widely used 

as an evolving breakthrough, both in terms of single optimization techniques and in combination with other 

optimization methods to enhance system performance, including addressing issues related to the spreading of 

harmonic distortion [17]. Fundamentally, NR alone is unable to mitigate the spreading of harmonic 

distortion. The control of tie switches (TS) and tie transformers (TT) is crucial in regulating current flow and 

impedance values of feeder configuration connections in the radial distribution system (RDS) [18]. In several 

studies utilizing the IEEE 33-bus RDS test system, methods such as load curtailment [19], particle swarm 

optimization (PSO) [20], ant colony method [21], genetic algorithm [22], fireflies algorithm [23], and 

simulated annealing [24], which are artificial intelligence (AI)-based methods, are considered effective in 

reducing harmonic spreading indices, decreasing losses, and improving bus voltage levels using NR 

techniques. The NR optimization technique is also deemed effective in enhancing power quality (PQ), as 

demonstrated in tests on the Executive Unit Service or Unit Layanan Pelanggan (ULP) Way Halim 88-bus 

system in Bandar Lampung City, Indonesia, using the multi-objective PSO method. Both test systems exhibit 

significantly different electricity demand values in their respective feeders [25]. The type of harmonic source 

greatly influences the magnitude of harmonic current injection, and this is also highly dependent on the 

electrical energy magnitude in the feeder [26].  

The ULP Sungguminasa, located in the Gowa Regency, oversees several feeders. One of them is the 

Barombong-IPDN feeder with a total of 165 buses. The load types in this system include households, elite 

residential areas, and industrial zones, each utilizing different harmonic load types. Households constitute are 

majority of the load types in this system [27]. In a study [28], it was noted that power flow analysis revealed 

several feeders with bus voltage levels below 0.95 pu. Considering the harmonic source types resulting from 

the load characteristics in this system, this research attempts to optimize the NR method in various scenarios. 

This technique is optimized using the PSO method with the objective of minimizing the total harmonic 

distortion voltage (%THDv) and total losses within predefined standards. The optimization results are 

anticipated to make a substantial contribution to the effects of NR, considering the load characteristics in the 

RDS. The structure of this paper is as follows: section 2 is research methods is divided into four parts namely 

objectives and constrains, ULP Sungguminasa 165-bus, NR methods and PSO method. Simulation result and 

discussion are shown in section 3. Section 4 is conclusion.  

 

 

2. METHOD 

2.1.  Objectives and constrains 

Each optimization technique to be optimized has an objective function (OF). The OF in this research 

aims to minimize %THDv and total losses.  

 

𝑂𝐹 = 𝑚𝑖𝑛 𝑓(𝑥)1 + 𝑚𝑖𝑛 𝑓(𝑥)2 (1) 
 

𝑂𝐹 = 𝑚𝑖𝑛 (
𝑉𝑑,𝑖

𝑉𝑟𝑚𝑠,𝑖
∗ 100%)

1

+ 𝑚𝑖𝑛(∑ 𝑃𝐿𝑜𝑠𝑠𝑖

(1)𝑛𝑏
𝑖=1 + ∑ ∑ 𝑃𝐿𝑜𝑠𝑠𝑖

(ℎ)ℎ𝑚𝑎𝑥
ℎ=ℎ0

𝑛𝑏
𝑖=1 )

2
 (2) 

 

𝑉𝑑,𝑖 and 𝑉𝑟𝑚𝑠,𝑖 are voltage bus in fundamental frequency and voltage rms on bus i, ℎ𝑚𝑎𝑥  and ℎ0 are the max 

and min harmonic orders and 𝑃𝐿𝑜𝑠𝑠𝑖

(1) and 𝑃𝐿𝑜𝑠𝑠𝑖

(ℎ) are the losses of fundamental and harmonic orders.  
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Boundary conditions need to be met to enhance the selectivity of the optimization process. 

− The electrical network topology remains radial before and after NR. 

− 𝑉𝑚𝑖𝑛 and 𝑉𝑚𝑎𝑥  are the minimum and maximum voltage level bus needs to be kept within operational 

limits.  

 

(0.95 𝑝𝑢) ≤  𝑉𝑟𝑚𝑠𝑖
≤ (1.05 𝑝𝑢) (3) 

 

− The limit for %THDv adhere to the standards outlined in IEEE std 95. 𝑇𝐻𝐷𝑖  and 𝑇𝐻𝐷𝑚𝑎𝑥  are total 

harmonic distortion in maximum and bus i. 

 

%𝑇𝐻𝐷𝑚𝑎𝑥  ≥  %𝑇𝐻𝐷𝑖 (4) 

 

2.2.  ULP Sungguminasa 165-bus 

The ULP Sungguminasa operates at a voltage of 20 kV. It provides electric power to residents, 

businesses, and industrial clients in the neighboring vicinity, as illustrated in Figure 1. In this research, the 

employed feeders were Barombong and IPDN feeders, comprising a total of 165 buses. The aggregate load 

on its amounts to 12,325 MW and 7.64 MVAR. Harmonic currents will be introduced to each load bus. Three 

categories of harmonic loads include fluorescent lamps for residential areas, inverting devices associated with 

temperature control equipment for elite residential areas, and six-pulse variable frequency drives (VFD) for 

industrial areas. The magnitude and type of harmonic load injection are detailed in Tables 1 and 2. 

 

 

 
 

Figure 1. ULP Sungguminasa 165-bus RDS [28] 

 

 

Table 1. The value of harmonic current injection from the harmonic loads [27] 
Harmonic order The types of harmonic injection 

VFD Inverting devices Fluorescent 

5th 98∠1400 15.00∠00 10.00∠00 

7th 39.86∠1130 10.00∠00 5.00∠00 

11th 18.95∠−1580 5.00∠00 1.00∠00 

13th 8.79∠−1780 3.00∠00 0.00∠00 

17th 2.5∠−940 1.00∠00 0.00∠00 
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Table 2. Location of harmonic load [27] 
Type of harmonic load Load Bus 

VFD 36, 46, 53, 117, 121, 164 
Inverting devices 5, 11 15, 18, 20, 23, 25, 27, 30, 34, 38, 41, 44, 48, 59, 58, 64, 71, 73, 78, 82, 85, 88, 91, 94, 96, 100, 

112, 119, 123, 128, 130, 138, 153 

Fluorescent 3, 8, 9, 14, 16, 21, 22, 26, 29, 31, 32, 35, 40, 42, 49, 50, 51, 54, 56, 57, 62, 65, 67, 69, 70, 74, 75, 76, 
77, 79, 81, 83, 87, 90, 97, 99, 102, 104, 106, 107, 108, 109, 111, 114, 115, 116, 118, 121, 125, 127, 

132, 134, 136, 137, 142, 143, 146, 148, 151, 152, 155, 157, 159, 161, 162 

 

 

2.3.  NR method and study case 

The TS connect load buses into groups to identify the most optimal combination [29]. There are five 

clusters determined based on TS and SS will undergo reconfiguration. The combination of TS and SS 

switches is employed to establish the search space in the optimization process [30]. The SS will be 

disconnected, allowing a new circuit to be connected through the TS closure process based on the search 

results from the optimization process [31], [32]. Cluster data is presented in Table 3. 

 

 
Table 3. Cluster data for NR in ULP Sungguminasa 

Cluster for NR TS SS 

1 44-67 41-42, 42-43, 43-44, 62-63, 63-64, 64-65, 65-66 

2 23-76 20-21, 21-22, 22-23, 70-74, 74-75, 75-76 

3 30-165 26-27, 27-28, 28-29, 29-30, 160-161, 161-162, 162-163, 163-164, 164-165 
4 120-135 116-117, 117-118, 118-120, 133-134, 134-135 

5 108-151 104-106, 106-107, 107-108, 149-150, 150-151 

 

 

Several simulated case studies have been conducted to assess the effectiveness of NR optimization 

techniques optimized using PSO. The case studies include: 

− Case 1. Activation of 1 TS from cluster 1. 

− Case 2. Activation of 2 TS from cluster 1 and 2. 

− Case 3. Activation of 3 TS from cluster 1, 2 and 3. 

− Case 4. Activation of 4 TS from cluster 1, 2, 3 and 4. 

− Case 5. Activation of 5 TS from cluster 1, 2, 3, 4 and 5. 

 

2.4.  PSO method 

In PSO, each particle navigating the 𝐷-dimensional problem hyperspace represents a potential 

solution for a specific problem. For each of the 𝑖 two vectors, 𝑋𝑖  is the position vector, and 𝑉𝑖 is the velocity 

vector. Additionally, each particle 𝑖 can remember its personal best experience ever encountered, represented 

by the personal best position vector 𝑃𝑖. The position attained by the best particle in the community is denoted 

as 𝑃𝑔. Mathematically, in the (𝑡 + 1) iteration of the search process, the 𝑑th dimension of particle 𝑖's 

velocity, 𝑉𝑖,𝑑(𝑡 + 1), and position 𝑋𝑖,𝑑(𝑡 + 1) are updated as follow [33], [34]. 

 

𝑉𝑖𝑑(𝑡 + 1) =  𝑉𝑖𝑑(𝑡) + 𝑐1𝑟𝑎𝑛𝑑1(𝑃𝑖𝑑(𝑡) − 𝑋𝑖𝑑(𝑡)) + 𝑐2𝑟𝑎𝑛𝑑2(𝑃𝑔𝑑(𝑡) − 𝑋𝑖𝑑(𝑡))  (5) 

 

𝑂𝑋𝑖𝑑(𝑡 + 1) = 𝑋𝑖𝑑(𝑡) + 𝑉𝑖𝑑(𝑡 + 1) (6) 

 

𝑉𝑖𝑑 is speed of particle, 𝑐1and 𝑐2 are acceleration coefficient, 𝑟𝑎𝑛𝑑1 and 𝑟𝑎𝑛𝑑2 are position of 

random particle, 𝑋𝑖𝑑 is position of particle, 𝑡 is iteration, 𝑃𝑖𝑑  is position of local best and 𝑃𝑔𝑑 is position of 

global best [35], [36]. The value of 𝑐1 = 𝑐2 = 2, iteration = 100 and population = 100 is used in PSO 

parameters. Considering the harmonic injection values provided by the type of nonlinear load based on the 

load categories at ULP Sungguminasa, a new network topology is proposed by activating a combination of 

the existing TS and SS functions using the PSO method. This method seeks the objective function with the 

specified constraints.  

 

 

3. RESULTS  

When nonlinear loads inject harmonic currents into an electrical system, the level of harmonic 

distortion generated is contingent upon the amount of electrical power consumed by the load bus. As the 

power consumption increases, the severity of harmonic distortion also escalates, causing greater disruption 
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within the system. This distortion then propagates throughout the entire network, affecting the performance 

and efficiency of other components, as illustrated in Table 4 and Figure 2.  

 

 

Table 4. Comparison active and reactive power before and after injection of harmonic current 
Parameter Before injection After injection 

P (kW) 379.52 389.65 

Q (kVAr) 446.19 510.8 

 

 

 
 

Figure 2. Comparison of voltage bus before and after injection of harmonic current 

 

 

Table 4 presents a comparison of the harmonic current penetration effects from various types of 

nonlinear loads at ULP Sungguminasa. There is an increase in 𝑃𝐿𝑜𝑠𝑠 by 10.13 kW or 2.66% and 𝑄𝐿𝑜𝑠𝑠 by 

64.61 kVAr or 14.48%. The same phenomenon occurs in the bus voltage level in Figure 2. There is a 

decrease in the bus voltage level averaging 0.0027 pu or 0.28%. This demonstrates that harmonic current 

injection can degrade the system's performance. The simulation results indicate that the extent of harmonic 

distortion spread is significantly influenced by the type of nonlinear load, based on the harmonic current 

injection values, and the load power values at each bus in the RDS. The exploration for solutions using the 

proposed optimization technique employing the PSO method in all of study cases to determine the objective 

function within predefined boundaries is illustrated in Table 5, Figure 3 and Figure 4. 

Table 5 illustrates the simulation results of NR optimization using the PSO method. The 

optimization results from all case studies indicate an enhancement in the system's performance. The 

reduction in total 𝑃𝐿𝑜𝑠𝑠, as one of the objective functions, amounts to 5.55 kW or 1.42% in case 1, 6.69 kW or 

1.71% in case 2, 9.16 kW or 2.35% in case 3, 15.89 kW or 4.07% in case 4, and 31.95 kW or 8.19% in case 

5. Additionally, the total 𝑄𝐿𝑜𝑠𝑠 also experiences a decrease of 7.64 kVAr or 1.49% in case 1, 8.88 kVAr or 

1.73% in case 2, 12.59 kVAr or 2.46% in case 3, 20.17 kVAr or 3.94% in case 4, and 38.28 kVAr or 7.49% 

in case 5. 

Figure 3 illustrates a comparison of the bus voltage level values after the optimization process. 

Improvement is evident with an increase in the bus voltage level across all buses in all cases. The average 

increase in bus voltage level is 0.00038 pu or 0.040% in case 1, 0.00054 pu or 0.056% in case 2, 0.00076 pu 

or 0.078% in case 3, 0.00131 pu or 0.136% in case 4, and 0.00254 pu or 0.2635% in case 5.  

 

 

Table 5. The results of simulation for all scenario 
Parameter Normal Case Case 1 Case 2 Case 3 Case 4 Case 5 

Open SS - 43-44 43-44, 
22-23 

43-44, 22-23, 
29-30 

43-44, 22-23, 
29-30, 118-120 

43-44, 22-23, 29-30, 
118-120, 150-151 

Total 𝑃𝐿𝑜𝑠𝑠 (kW) 389.65 384.1 382.92 380.49 373,76 357,7 

Total 𝑄𝐿𝑜𝑠𝑠 (kVAr) 510.8 503.16 501.92 498.21 490,63 472,52 

Min voltage rms (p.u) 0.94878 0.94907 0.94913 0.94923 0.9497 0.95101 

%THDv max 3.13348 3.13201 3.13839 3.12671 3.12529 3.12003 

%THDi max 1.33719 1.33721 1.34032 1.33572 1.33599 1.33605 
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Figure 3. Comparison voltage bus level in all study case 

 

 

 
 

Figure 4. Comparison of average %THDv values in all study case 

 

 

Figure 4 illustrates an improvement in the %THDv values, which is a parameter representing 

harmonic distortion spread. As one of the objective functions in the optimization process, NR optimization 

can reduce the spread of harmonic distortion. This can be observed with a decrease in the average %THDv 

values by 0.011% or 0.493% in case 1, 0.015% or 0.673% in case 2, 0.036% or 1.591% in case 3, 0.054% or 

2.378% in case 4, and 0.088% or 3.892% in case 5. 

The simulation results of the optimization show that the NR method is effective in enhancing system 

performance. This effectiveness is evident in the values, demonstrating a significant reduction in total 𝑃𝐿𝑜𝑠𝑠, 

total 𝑄𝐿𝑜𝑠𝑠, and %THDv, while the bus voltage level increases, approaching 1 pu. For instance, the reduction 

in total 𝑃𝐿𝑜𝑠𝑠 and 𝑄𝐿𝑜𝑠𝑠 directly correlates with improved system efficiency and stability. Additionally, the 

decrease in %THDv indicates a substantial reduction in harmonic distortions, further supporting the method's 

efficacy. 

When compared to previous studies on similar optimization techniques tested on the IEEE 33-bus, 

IEEE 69-bus, and ULP Way Halim systems, the NR method achieved effectiveness levels above 80% in 

those cases. However, for the ULP Sungguminasa 165-bus test object, the effectiveness was only up to 

8.19%. This discrepancy is due to substantial variations in load power and the types of harmonic loads, such 

as VFDs, in the test objects. The ULP Sungguminasa system presents unique challenges due to its specific 

load characteristics, which differ sharply from those in the other systems studied. While this study highlights 

the NR method's capability in reducing losses and improving voltage levels, it also exposes its limitations in 

handling diverse load types and power variations.  

In summary, the study aimed to evaluate the effectiveness of the NR method in optimizing the ULP 

Sungguminasa 165-bus system. The findings underscore the importance of considering load characteristics 

and harmonic load types in optimization processes. While the NR method showed potential, its varying 

effectiveness across different systems suggests the need for tailored approaches to optimization. Future 
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research should explore more adaptive techniques that can accommodate the diverse load profiles and 

harmonic disturbances present in complex power systems like ULP Sungguminasa. Unanswered questions 

remain regarding the specific adjustments required to enhance the NR method's performance in such 

contexts. 
 

 

4. CONCLUSION  

In this study, we investigated the impact of nonlinear loads, such as VFDs, inverting devices, and 

fluorescent lamps, on the 165-bus ULP Sungguminasa system, specifically focusing on the resulting 

harmonic distortions and their effect on system performance. The NR optimization technique, utilizing the 

PSO method, was employed to minimize %THDv and total losses within predefined limits. Our findings 

indicate that Case 5, which involved the activation of all tie switches, demonstrated the highest level of 

effectiveness among all simulated case studies. This was evidenced by a significant reduction in total P_Loss 

by 31.95 kW (8.19%), Q_Loss by 38.28 kVAr (7.49%), and the average %THDv by 0.088% (3.892%). 

Additionally, the average bus voltage level increased by 0.00254 pu (0.2635%). These results highlight the 

potential of the NR optimization technique in enhancing system performance, albeit with varying degrees of 

effectiveness compared to previous research on other systems. The relatively lower effectiveness observed in 

our study underscores the critical impact of load characteristics and the types of nonlinear loads on the 

optimization process. This suggests that while the NR method is beneficial, it may require integration with 

other optimization techniques to address the unique challenges posed by different power systems effectively. 

The contributes of research to the field by providing a nuanced understanding of how different types of 

nonlinear loads affect the performance of power systems and the effectiveness of optimization techniques 

like the NR method. These findings emphasize the need for tailored optimization strategies that consider the 

specific load profiles and harmonic characteristics of each system. Future research should focus on 

combining various optimization techniques to further enhance system performance, particularly in reducing 

harmonic distortions. Additionally, investigating the impact of strategic placement of charging stations for 

electric vehicles could offer new insights into managing harmonic loads and improving overall system 

stability and efficiency. By addressing these areas, we can develop more robust and adaptive optimization 

approaches that cater to the evolving demands of modern power systems, ultimately contributing to improved 

reliability and performance for the community. 
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