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 This work presents a comparative evaluation of adaptive particle swarm 

optimization (PSO) variants for the optimal placement and sizing (OPS) of 

photovoltaic-based distributed generation (PV-DG) and DSTATCOM units 

in the standard IEEE 33-bus radial distribution network (RDN). Five 

adaptive PSO algorithms are investigated, namely adaptive acceleration 

coefficients PSO (AAC-PSO), autonomous particle groups PSO (APG-

PSO), nonlinear dynamic acceleration coefficients PSO (NDAC-PSO), sine-

cosine acceleration coefficients PSO (SCAC-PSO), and time-varying 

acceleration PSO (TVA-PSO). The optimization framework is structured as 

a single-objective problem focused on maximizing the active power loss 

index (APLI), which is used as a normalized indicator associated with active 

power loss reduction. To further assess the technical quality of the obtained 

solutions, two additional performance indicators are considered, namely the 

total voltage deviation (TVD) and the voltage stability index (VSI). The 

simulation outcomes indicate that the TVA-PSO algorithm exhibits superior 

overall performance compared to other evaluated variants in terms of 

convergence behavior and solution quality. In particular, it achieves the 

highest APLI value of 92.52%, corresponding to an active power loss 

reduction of 91.91%, with active power losses (APL) reduced from  

210.99 kW to 17.07 kW. In addition, the obtained solution significantly 

improves the network voltage profile (VP) and enhances voltage stability. 

These findings provide evidence that the effectiveness of adaptive PSO 

strategies for optimizing PV-DG and DSTATCOM integration in RDN. 
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1. INTRODUCTION 

The integration of renewable energy sources (RES) in modern electrical power systems, specifically 

photovoltaic distributed generation (PV-DG), into the electrical distribution network has become the 

cornerstone of efforts being made on a worldwide scale to improve energy efficiency, cut emissions of 

greenhouse gases, and transition toward sustainable energy systems [1], [2]. PV-DG systems, as a clean and 

inexhaustible energy source, play a pivotal role in decarbonizing the power sector and mitigating the 

environmental impact of traditional fossil fuel-based generation [3], [4]. Nonetheless, the natural sporadic 

characteristics of solar energy and the increasing complexity of modern distribution networks pose 

significant challenges, including power loss minimization, voltage stability, and efficient energy management 

https://creativecommons.org/licenses/by-sa/4.0/
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[5]. To address these challenges, the deployment of advanced grid support devices, such as static 

synchronous compensators (STATCOMs), has arisen as a critical solution. Unlike PV-DG systems, which 

generate active power, they are meant to offer dynamic reactive power compensation, improve VPs, and 

enhance grid stability [6]. When optimally integrated, PV-DG and STATCOMs offer synergistic benefits: 

PV-DG reduces dependency on fossil fuels, while STATCOMs ensure reliable and stable operation of the 

distribution electrical power network. However, the optimal placement and sizing (OPS) of PV-DG and 

STATCOMs are crucial to optimizing and maximizing their advantages. Suboptimal integration is capable of 

causing a rise in energy losses, voltage violations, and reduced system efficiency. As the penetration of RES 

and the use of grid support devices like STATCOMs continue to grow, the need for robust optimization 

methods has never been more critical [7], [8]. 

Adaptive particle swarm optimization (PSO) works better than static algorithms like DE, NSGA-II, 

and GSO because it reduces losses more (up to 57.89%) and makes voltage more stable [9], [10]. Because it 

can optimize several objective functions simultaneously, it can simultaneously reduce harmonic distortion, 

voltage deviation (VD), and power losses (for example, THD was lowered to 3.98%) [9], [11]. The method 

has been examined and demonstrated efficacy to work on conventional IEEE 33/69-bus test systems and real-

world networks like South Kerman DSSK [11], [12]. Adaptive PSO is a strong and scalable solution for 

distribution systems with a lot of PVs because it can handle the compromise between exploration and 

exploitation and work around operational limits like 24-hour load profiles [9]. OPS of photovoltaic systems 

and STATCOMs significantly enhance radial distribution network (RDN) performance through the reduction 

of power losses, enhancing VPs, and boosting stability. A recent review of the application of the adaptive 

particle swarm optimization (APSO) approaches, including variants with acceleration coefficients, multi-

objective frameworks, and dynamic momentum, demonstrated on this topic found that superior efficacy in 

solving these complex optimization problems. Shaheen et al. [9] proposed a hunter–prey optimization (HPO) 

algorithm for the optimal allocation of PV-STATCOM units in RDN, aiming to minimize the active energy 

losses and VDs in 1 day. The suggested approach has been implemented in the IEEE 33- and 69-bus test 

systems. Where the proposed method was applied to two well-known benchmark test systems, namely the 

IEEE 33-bus and IEEE 69-bus RDN. The HPO outcomes outperform traditional algorithms like DE 

(differential evolution), traditional PSO algorithms, artificial rabbits’ algorithm (ARA), and golden search 

optimizer (GSO) in terms of convergence and accuracy while achieving notable gains in power quality and 

efficiency. In some cases, lowering combined objective metrics by over 85%. However, the marginal benefit 

decreases after three units are deployed, and the method's performance is constrained when only one device 

is installed, as it is unable to adequately address voltage constraints. Labed et al. in [13] applied an adaptive 

acceleration coefficients PSO (AAC-PSO) algorithm to determine the OPS of PV-DG and DSTATCOM 

units in an IEEE 33-bus RDN. The results demonstrated significant minimization of APL and enhancement 

of VPs, achieving approximately a 27 % reduction in power losses compared to other PSO variants, while 

their approach, though superior in convergence and solution quality, remains specifically tailored to radial 

networks and may not generalize well to meshed grids without reconfiguration of constraint handling. 

Advanced PSO methods have been very popular in the last several years for tackling multi-objective 

problems in power distribution networks. Improved versions of multi-objective PSO (MOPSO) that use 

adaptive grid structures and roulette wheel selection mechanisms have proven to be very good at balancing 

conflicting goals like reducing network losses, controlling voltage fluctuations, and limiting the capacity of 

static var generators (SVGs). These methods have shown better results than traditional evolutionary methods, 

such as the non-dominated sorting genetic algorithm II (NSGA-II), especially when it comes to keeping the 

variety of the Pareto front in stochastic distributed photovoltaic (PV) settings [14]. To make scalability and 

convergence even better, a Modified PSO with dynamic momentum (MPSO-DM) was suggested to handle 

high-dimensional optimization problems in large-scale systems, like the IEEE 79-bus network. This worked 

better than traditional PSO variants at reducing losses and improving economic performance [15]. 

Experimental studies on IEEE 33-, 69-, and 79-bus test systems show that adaptive PSO techniques can cut 

APL from 25 to 76.3% [9], [13], [15], [16], stabilize VPs between 0.95 and 1.05 p.u. with deviations reduced 

to 42.84% [9], [17], and make the system more economically viable by using D-STATCOMs with payback 

periods as short as 1.8 years and cost-saving benefits from hybrid PV-STATCOM configurations [17], [18]. 

Adaptive PSO algorithms prove highly effective for optimizing PV-STATCOM deployment, 

offering dynamic parameter adjustments that outperform static methods. Key results include substantial loss 

reductions (25–76.3%), voltage stability within regulatory limits, and cost-efficient solutions with rapid 

payback periods. While Hunter-prey optimization (HPO) and artificial rabbits’ optimization (ARO) show 

competitive results in specific scenarios, adaptive PSO’s flexibility in handling multi-objective constraints 

particularly in large-scale networks solidifies its utility for modern distribution systems. Some optimization 

methods are presented in Table 1. Future work could explore hybrid frameworks combining PSO with 

machine learning for real-time grid adaptability [14], [17]. 
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This study addresses these challenges by employing advanced optimization algorithms to optimize 

the placement and sizing of PV-DG and STATCOM units in a standard IEEE 33-bus distribution system. The 

primary objectives are the minimization of APL and the  enhancement  of voltage stability. By comparing the 

performance of various optimization techniques, this work seeks to ascertain the most effective approach for 

achieving optimal system performance. The importance of this  study lies in its capacity to improve the 

efficiency and reliability of electrical distribution systems, paving the way for more sustainable energy 

management practices. The findings are expected to provide valuable insights for utility operators, 

policymakers, and researchers, supporting the global transition toward renewable energy integration and the 

development of smarter, more resilient power grids. 

 

 

Table 1. Comparative analysis of different optimization methods 
Algorithm Loss reduction Voltage improvement Key advantages 

Adaptive PSO 76.3% 42.84% reduction in deviations Dynamic coefficient tuning for exploration-

exploitation balance [13], [14] 
Hunter-Prey (HPO) 57.89% 44.69% reduction in deviations Superior consistency in variable load conditions [9] 

Artificial Rabbits (ARO) 65.4% (reactive loss) THD reduced to 3.98% Excels in harmonic mitigation and global optima [19] 

Sine-Cosine (SCA) 35.63% Efficient computation Faster convergence than Vortex Search [20] 

 

 

2. PROBLEM FORMULATION AND CONSTRAINTS 

The two main objective functions in this research to optimize are the minimization of APL by 

increasing the active power losses index (APLI), where higher values translate to higher percentages of loss 

reduction. The second objective consists of improving voltage profiles and maximizing the voltage stability 

index to enhance system reliability under various loads and generation conditions. 

 

2.1.  Objective functions formulation 

First, the minimization of APL by maximizing APLI, which is equivalent to (1) and (2). 

 

𝑂𝐹1 = 𝑀𝑎𝑥 ∑ ∑ 𝐴𝑃𝐿𝐿(𝑖, 𝑗)
𝑁𝐵𝑢𝑠
𝑗=2

𝑁𝐵𝑢𝑠
𝑖=1  (1) 

 

𝐴𝑃𝐿𝐼(𝑖, 𝑗) =
𝑃𝐿𝑜𝑠𝑠
𝐵𝑒𝑓𝑜𝑟𝑃𝑉−𝐷𝐺/𝐷𝑆𝑇𝐴𝑇𝐶𝑂𝑀

𝑃𝐿𝑜𝑠𝑠
𝐵𝑒𝑓𝑜𝑟𝑃𝑉−𝐷𝐺/𝐷𝑆𝑇𝐴𝑇𝐶𝑂𝑀+𝑃𝐿𝑜𝑠𝑠

𝐴𝑓𝑡𝑒𝑟𝑃𝑉−𝐷𝐺/𝐷𝑆𝑇𝐴𝑇𝐶𝑂𝑀
× 100 (2) 

 

Where 𝑃𝐿𝑜𝑠𝑠
𝐵𝑒𝑓𝑜𝑟𝑃𝑉−𝐷𝐺/𝐷𝑆𝑇𝐴𝑇𝐶𝑂𝑀  and 𝑃𝐿𝑜𝑠𝑠

𝐴𝑓𝑡𝑒𝑃𝑉−𝐷𝐺/𝐷𝑆𝑇𝐴𝑇𝐶𝑂𝑀  represent the power losses before and after the 

implementation of the PV-DG and DSTATCOM. The equation below illustrates the active power loss [21]: 

 

𝑃𝐿𝑜𝑠𝑠 = 𝛼𝑖𝑗(𝑃𝑖𝑃𝑗 + 𝑄𝑖𝑄𝑗) + 𝛽𝑖𝑗(𝑄𝑖𝑃𝑗 + 𝑃𝑖𝑄𝑗) (3) 

 

{
 
 

 
 𝛼𝑖𝑗 =

𝑅𝑖𝑗

𝑉𝑖𝑉𝑗
𝑐𝑜𝑠(𝛿𝑖 − 𝛿𝑗)

𝛽𝑖𝑗 =
𝑅𝑖𝑗

𝑉𝑖𝑉𝑗
𝑠𝑖𝑛(𝛿𝑖 + 𝛿𝑗)

 (4) 

 

Where 𝛼𝑖𝑗 and 𝛽𝑖𝑗 are loss coefficients, 𝑅𝑖,𝑗 denotes the line's resistance, (𝑉𝑖 , 𝑉𝑗) and (𝛿𝑖, 𝛿𝑗) are the voltages 

and angles at the buses, respectively. (𝑃𝑖 , 𝑃𝑗) denotes active power, while (𝑄𝑖 , 𝑄𝑗) signifies reactive power. 

Second, the enhancement of the VP through the reduction of the 𝑉𝐷 as detailed in (5). 

 

𝑂𝐹2 = 𝑀𝑖𝑛 𝑉𝐷 =  |1 − 𝑉𝑗| (5) 

 

Where 𝑉𝑗 denote the voltage magnitude at bus j. 

 

2.2.  Constraints of equality 

The active and reactive powers of each bus must be equal to the power loads connected to that same 

bus, as indicated in (6) and (7). 

 

𝑃𝐺 + 𝑃𝑃𝑉𝐷𝐺 = 𝑃𝐿𝑜𝑎𝑑 + 𝑃𝐿𝑜𝑠𝑠 (6) 
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𝑄𝐺 + 𝑄𝐷𝑆𝑇 = 𝑄𝐿𝑜𝑎𝑑 + 𝑄𝐿𝑜𝑠𝑠 (7) 

 

PG and QG represent the active and reactive powers of the generator; 𝑃𝑃𝑉−𝐷𝐺 is the total active power injected 

from the PV-DG source and 𝑄𝐷𝑆𝑇  is the reactive power injected from the DSTATCOM. 𝑃𝐿𝑜𝑎𝑑 , 𝑄𝐿𝑜𝑎𝑑 are the 

total load demand active and reactive powers, respectively. APLs are denoted by 𝑃𝐿𝑜𝑠𝑠 and reactive power 

losses (RPL) are denoted by QLoss, respectively. 

 

2.3.  Distribution line constraints 

The distribution line restrictions are articulated using (8) to (10). 

 

𝑉𝑚𝑖𝑛 ≤ |𝑉𝑖| ≤ 𝑉𝑚𝑎𝑥  (8) 

 

|1 − 𝑉𝑗| ≤ 𝛥𝑉𝑚𝑎𝑥 (9) 

 

|𝑆𝑖𝑗| ≤ 𝑆𝑚𝑎𝑥 (10) 

 

𝑉𝑚𝑎𝑥 and 𝑉𝑚𝑖𝑛 signify the maximum and minimum voltage limits, respectively. 𝛥𝑉𝑚𝑎𝑥  represents the 

maximum voltage drop. 𝑆𝑚𝑎𝑥 and 𝑆𝑖,𝑗 represent the maximum and apparent power within the distribution line. 

 

2.4.  PV-DG constraints 

The limits of the PV-DG units are formulated as (11) to (16). 

 

𝑃𝑃𝑉−𝐷𝐺
𝑚𝑖𝑛 ≤ 𝑃𝑃𝑉−𝐷𝐺 ≤ 𝑃𝑃𝑉−𝐷𝐺

𝑚𝑎𝑥  (11) 

 

𝑄𝐷𝑆𝑇
𝑚𝑖𝑛 ≤ 𝑄𝐷𝑆𝑇 ≤ 𝑄𝐷𝑆𝑇

𝑚𝑎𝑥 (12) 

 

∑ 𝑃𝑃𝑉−𝐷𝐺 ≤ ∑ 𝑃𝐿𝑜𝑎𝑑
𝑁𝐵𝑢𝑠
𝑖=1

𝑁𝑃𝑉𝐷𝐺
𝑖=1  (13) 

 

2 ≤ 𝑃𝑉 − 𝐷𝐺𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 ≤ 𝑁𝑏𝑢𝑠 (14) 

 

𝑁𝑃𝑉𝐷𝐺 ≤ 𝑁𝑃𝑉−𝐷𝐺.𝑚𝑎𝑥 (15) 

 

𝑛𝑃𝑉𝐷𝐺,𝑖/𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ≤ 1 (16) 

 

Where, 𝑃𝑃𝑉−𝐷𝐺
𝑚𝑖𝑛  and 𝑃𝑃𝑉−𝐷𝐺

𝑚𝑎𝑥  denote the minimum and maximum output power of the PV-DG, respectively. 

𝑄𝐷𝑆𝑇
𝑚𝑖𝑛,𝑄𝐷𝑆𝑇

𝑚𝑎𝑥  the minimum and maximum reactive power outputs of the DSTATCOM, respectively. 𝑁𝑃𝑉−𝐷𝐺  

signifies the PV-DG unit’s number. 𝑛𝑃𝑉−𝐷𝐺,𝑖 denotes the location of PV-DG units at bus i. 

 

 

3. OVERVIEW OF VARIOUS ALGORITHMS 

In this paper, basic and novel PSO algorithms are applied for the purpose of the OPS of three PV-

DG units and three DSTATCOMs in the standard IEEE 33-bus RDN. The basic PSO algorithm is 

represented by means of (17) and (18). 

 

𝑉𝑖
𝑘+1 = 𝜔. 𝑉𝑖

𝑘 + 𝑐1𝑟1[𝑃𝑏𝑒𝑠𝑡
𝑘 − 𝑋𝑖

𝑘] + 𝑐2𝑟2[𝐺𝑏𝑒𝑠𝑡
𝑘 − 𝑋𝑖

𝑘] (17) 

 

𝑋𝑖
𝑘+1 = 𝑋𝑖

𝑘 + 𝑉𝑖
𝑘+1 (18) 

 

The velocity of the particle is denoted by 𝑉𝑖, the weight of inertia is denoted by 𝜔, and the acceleration 

coefficients are denoted by 𝑐1, 𝑐2. 𝑟1, 𝑟2 are independent random numbers. The best-known position of the 

particle is denoted by 𝑃𝑏𝑒𝑠𝑡 , while the best-known position of the entire swarm is denoted by 𝐺𝑏𝑒𝑠𝑡 , and 𝑋𝑖 is 

the position of the particle. Table 2 gives a summary of some types of PSO variants and presents their 

mathematical formulations used to adapt the acceleration coefficients during the optimization process. The 

table also highlights the corresponding control parameters and constants used in each technique, reflecting 

distinct adaptive strategies proposed to balance exploration and exploitation in PSO algorithms. Figure 1 

displays the variation profiles of the acceleration coefficients 𝑐 1 and 𝑐 2 of the studied PSO algorithms with 

respect to the iterative procedure. The latter clearly shows the different adaptation tactics adopted by each 
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variety and highlights how the cognitive and social activities of the particles have evolved to balance 

exploration and exploitation through optimization. 
 
 

Table 2. PSO variants and their respective acceleration coefficients 
Algorithm Refs Formulas for acceleration coefficients Constants 

AAC-PSO [22] 
𝑐1 = 𝑐𝑚𝑖𝑛 + (𝑐𝑚𝑎𝑥 − 𝑐𝑚𝑖𝑛) 𝑒𝑥𝑝 (−(

4×𝑘

𝑘𝑚𝑎𝑥
)
2

) and 𝑐2 = 𝑐𝑚𝑎𝑥 − (𝑐𝑚𝑎𝑥 − 𝑐𝑚𝑖𝑛) 𝑒𝑥𝑝 (−(
4×𝑘

𝑘𝑚𝑎𝑥
)
2

) 
cmin = 0.5, cmax = 2.5 

APG-PSO [23] 𝑐1 = 1.95 − (
2×𝑘𝛼

𝑘𝑚𝑎𝑥
𝑎 ) and 𝑐2 = 0.05 − (

2×𝑘𝛼

𝑘𝑚𝑎𝑥
𝑎 ) α = 1 / 3 

NDAC-PSO [24] 
𝑐1 = −(𝑐𝑓 − 𝑐𝑖) (

𝑘

𝑘𝑚𝑎𝑥
)
2

+ 𝑐𝑓 and 𝑐2 = 𝑐𝑖 (1 −
𝑘

𝑘𝑚𝑎𝑥
)
2

+ 𝑐𝑓 (
𝑘

𝑘𝑚𝑎𝑥
) 

ci = 0.5, cf = 2.5 

SCAC-PSO [25] 𝑐1 = 𝜕. 𝑠𝑖𝑛 [(1 −
𝑘

𝑘𝑚𝑎𝑥
) ×

𝜋

2
] + 𝛿 and 𝑐2 = 𝜕. 𝑐𝑜𝑠 [(1 −

𝑘

𝑘𝑚𝑎𝑥
) ×

𝜋

2
] + 𝛿 𝜕 = 2, 𝜕 = 0.5 

TVA-PSO [26] 𝑐1 = 𝑐1𝑖 + (
𝑐1𝑓−𝑐1𝑖

𝑘𝑚𝑎𝑥
)𝑘  and 𝑐2 = 𝑐2𝑖 + (

𝑐2𝑓−𝑐2𝑖

𝑘𝑚𝑎𝑥
) . 𝑘 c1i = 2.5, c1f = 0.5 

c2i = 0.5, c2f = 2.5 

 

 

 
 

Figure 1. Acceleration coefficient variation curves for PSO algorithms 

 

 

4. APPLICATION AND ANALYSIS RESULTS 

The PSO algorithms used in this paper are programmed in MATLAB and tested on the standard IEEE-

33 distribution system illustrated in Figure 2. The system consists of 33 buses and 32 distribution lines with a 

base voltage of 12.66 kV. It has an active power loss of 210.987 kW and a reactive power loss (RPL) of 

143.128 kVar. The programs in MATLAB were executed several times for all PSO variants, and the best result 

was taken; the comparison between the best results in each group is presented in Figure 3 and in Table 3. These 

outcomes of the obtained simulation provide convincing evidence that the optimal (maximum) APLI is 

achieved using the time-varying acceleration PSO (TVA-PSO) algorithm at 92.52%, with 17.06 kW and 13.82 

kVar active and reactive losses, respectively. The bus voltage magnitudes were also indicated in Table 3 shows 

the OPS of the three PV-DG and three DSTATCOM that resulted after the application of each PSO algorithm. 

Figure 3 illustrates the convergence curves of multiple PSO variants applied to the OPS of PV and 

STATCOM units in the IEEE 33-bus RDN. According to the findings, the TVA-PSO algorithm achieved the 

best performance out of all the examined methods in terms of the highest APLI, where it reaches 92.5% after 

225 iterations. Other algorithms, such as APG-PSO and NDAC-PSO, obtained relatively stable APLI values 

earlier but with lower maximum performance compared to the TVA-PSO algorithm. The BASIC-PSO 

algorithm takes longer to cover, almost similarly to the TVA-PSO method. However, the BASIC-PSO 

algorithm gets the lowest APLI (84%) compared to TVA-PSO, which means that it is the worst in terms of 

both speed and efficiency. These results highlight the superiority of TVA-PSO in terms of convergence 

efficiency and robustness. According to this finding, the TVA-PSO techniques demonstrate that they 

outperform the results of other adaptive PSO approaches. Examining the data presented in Table 3, it 

becomes evident that the concurrent integration of DG and DSTATCOM units effectively decreases total 

power loss to acceptable levels across all algorithms. The TVA-PSO algorithm yields the best APLI 

outcome, designating buses 25, 28, and 13 as optimal emplacements for integrating DG units, totaling 2.804 

MW. Likewise, the best location for DSTATCOM unit integration is determined to be buses 26, 30, and 14, 
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amounting to a total size of 1.668 MVar. Resulting from this integration, the active power loss was curtailed 

from 210.9875 kW to 17.0668 kW, showcasing a decrease of 91.9109%. Furthermore, the APLI achieved a 

heightened value of 92.52%. With the same method, the minimum reactive power loss is obtained, which is 

13.8234 kVar. Through the utilization of the TVA-PSO algorithm, the minimum voltage is elevated from 

0.9038 to 0.9924 p.u. The best amelioration of the minimal voltage is achieved with the NDAC-PSO 

algorithm with a value of 0.9938 p.u. These results are also shown in graphing format in Figures 4 and 5, 

representing a comparison between the different PSO optimization methods for APLI, active losses, reactive 

losses, minimum, and maximum voltage. 
 

 

 
 

Figure 2. Single-line schematic of the standard IEEE 33-bus system 
 

 

 
 

Figure 3. Convergence characteristics of the PSO algorithms and their variants 

 

 

Table 3. Results of optimization after PV-DG and DSTATCOM installation 
Applied algorithm PPV-DG (MW), bus number QDST (MVar), bus number Σ PLoss (kW) Σ QLoss (kVar) Vmin (p.u.) APLI (%) 

TVA-PSO 0.787 (25) 0.308 (26) 17.0668 
13.8234 0.9924 92.52 

1.243 (28) 1.023 (30) 

0.774 (13) 0.337 (14) 
APG-PSO 0.975 (25) 0.168 (13) 23.2666 17.4557 0.9759 90.07 

1.155 (9) 1.169 (30) 

0.658 (30) 0.010 (23) 
NDAC-PSO 0.880 (16) 0.579 (10) 24.5723 19.1017 0.9938 89.57 

0.564 (25) 0.948 (30) 

0.930 (32) 0.907 (25) 
SCAC-PSO 0.962 (10) 0.010 (32) 25.1208 19.3979 0.9742 89.36 

0.889 (31) 0.010 (24) 

1.052 (25) 1.298 (30) 
BASIC-PSO 0.450 (25) 0.010 (14) 25.5511 19.4362 0.9735 89.20 

1.014 (10) 0.689 (6) 
0.714 (30) 0.786 (30) 

AAC-PSO 0.552 (17) 0.952 (30) 27.0564 21.8477 0.9761 88.63 

0.755 (25) 0.324 (27) 
1.018 (28) 0.778 (5) 
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Figures 6 and 7 provide a comparative comparison of voltage profiles and voltage drop distributions 

throughout all buses in the IEEE 33-bus RDN. Following the proper integration of PV-DG and DSTATCOM 

units, a notable enhancement in voltage magnitude and uniformity is seen. The minimum bus voltage is 

elevated from 0.9038 p.u. to 0.9938 p.u., concurrently resulting in a significant reduction in the overall 

voltage drop across the network, signifying improved voltage stability and enhanced power quality. These 

improvements confirm the efficacy of the optimization technique in sustaining voltage profiles within 

permissible thresholds under fluctuating load situations. 

Figures 8 and 9 display the distribution of active and RPL across the 33 branches of the IEEE 33-bus 

RDN. The comparison between pre- and post-integration scenarios reveals significant reductions in both 

active and reactive losses because of the OPS of PV and STATCOM units. The minimization of loss really 

contributes to improved energy efficiency and the overall performance of the system. The improvement is 

more evident in branches that are nearer to the optimal integration points, illustrating the efficacy of the 

implemented optimization strategy. Figure 10 highlights the effectiveness of integrating an OPS of DG and 

DSTATCOM units by comparing the total APL, reactive power losses, and minimum voltage levels in the 

IEEE 33-bus distribution system. These outcomes show a significant enhancement in terms of power-losses 

curtailment and a clear improvement in minimum voltage; this means enhanced voltage stability and overall 

distribution system performance. The latter confirms the impact of the OPS of DG and DSTATCOM units 

when using TVA-PSO. 

 

 

 
 

Figure 4. Power losses and minimum/maximum voltages of the PSO algorithm and its variants 
 
 

 
 

Figure 5. APLI of the PSO algorithm and its variants 
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Figure 6. Bus voltage profiles before and following the integration of DSTATCOM and PV-DG 

 

 

 
 

Figure 7. Bus voltage drop profiles before and after the PV-DG and DSTATCOM integration 

 

 

 
 

Figure 8. Branch active power loss prior to and during the integration of DSTATCOM and PV-DG 
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Figure 9. Branch reactive power loss before and after the PV-DG and DSTATCOM integration 

 

 

 
 

Figure 10. Active and RPL and minimum/maximum voltages before and after PV-DG and  

DSTATCOM integration 

 

 

5. CONCLUSION 

This study investigated the utilization of diverse PSO algorithms for the purpose of optimizing the 

simultaneous integration of PV-DG and STATCOM units in a standard IEEE 33-bus electrical RDN. The 

primary objective was to maximize the APLI, which directly correlates with minimizing APL as well as 

improving the overall efficiency of the energy management system. Through a comprehensive comparison of 

different PSO algorithms, the obtained outcomes demonstrated clearly that the TVA-PSO outperformed other 

variants in terms of efficiency and robustness. Specifically, TVA-PSO achieved a significant reduction in 

APL, from 210.987 kW to 17.066 kW, and increased the APLI to 92.52%. Additionally, the voltage profile 

was notably improved, with the minimum voltage rising from 0.9038 p.u. to 0.9924 p.u., ensuring better 

voltage stability across the network.  
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The simulation results also highlighted the importance of simultaneous and optimal placement of 

PV-DG and STATCOM units. When properly integrated, these components synergistically enhance system 

performance through the mitigation of power losses, improving voltage stability, and increasing the overall 

reliability of the distribution system. In conclusion, this study validates TVA-PSO as a highly effective and 

practical method for addressing the complex challenges associated with the OPS of PV-DG and STATCOM 

units in electrical RDN. The results yield valuable and significant insights for utility operators, policymakers, 

and researchers, offering a robust framework for improving the efficiency and sustainability of contemporary 

power grids. Future work could explore the application of these optimization techniques in larger and more 

complex distribution networks, as well as their integration with other RES and smart grid technologies. 
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