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 Power flow optimization in electrical power distribution systems is crucial 

for maintaining voltage stability and energy efficiency. 20 kV distribution 

systems often face voltage profile instability issues due to high power losses, 

where conventional power flow analysis methods are sometimes inefficient 

in handling load fluctuations in medium-voltage networks. This study 

proposes power flow calculation optimization using the fast-decoupled 

approach to evaluate and improve voltage profiles quickly and accurately, as 

well as integrating reactive power compensation through strategic capacitor 

bank placement. Simulation results show that under existing conditions, the 

system experiences significant voltage drops, especially at Bus 27 (17.740 

kV) and Bus 53 (7.640 kV). After implementing a 2×900 kVAr capacitor 

bank, the voltage profile increased dramatically: Bus 27 rose to 19.160 kV 

and Bus 52 reached 19.020 kV. This proves that the integration of the fast-

decoupled method and reactive power compensation is effective in 

minimizing voltage deviation and improving the operational stability of the 

distribution system. 

Keywords: 

20 kV distribution system 

Computational efficiency 

Fast-decouple  

Power flow  

Power losses 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Abrar Tanjung 

Electrical Engineering Program, Faculty of Engineering, Lancang Kuning University  

Pekanbaru, Indonesia 

Email: abrar@unilak.ac.id 

 

 

1. INTRODUCTION  

The reliable and efficient operation of electrical power systems is essential to meet the growing 

demand for electricity and to maintain the stability of national grids. In medium-voltage networks, 

particularly those operating at 20 kV, accurate power flow analysis is crucial for system planning, operation, 

and real-time monitoring. Power flow studies provide valuable insights into voltage profiles, power losses, 

load conditions, and system constraints, enabling engineers to make informed decisions to ensure optimal 

network performance [1]. Conventional approaches to power flow analysis include methods like Gauss-

Seidel and Newton-Raphson, have been widely used in the industry due to their robustness and accuracy. 

However, as power systems grow in complexity and scale driven by factors such as distributed generation, 

electric vehicle integration, and smart grid implementation these conventional methods often face limitations 

in terms of computational efficiency and convergence time. This becomes a critical issue in medium-voltage 

distribution systems, where fast and frequent calculations are needed to maintain real-time operational 

control and dynamic load balancing [2], [3].  

Modern 20 kV distribution networks face significant operational hurdles, primarily characterized by 

severe voltage drops and instability during peak loading. In the studied system, critical deviations were 

identified at Bus 27 (17.740 kV) and Bus 53 (7.640 kV). These conditions not only breach standard 

operational margins but also lead to increased power losses and a high risk of localized system collapse, 

necessitating an immediate and effective mitigation strategy. A viable substitute is the fast-decoupled load 

flow (FDLF) technique. This approach is a modified form of the Newton-Raphson method that simplifies the 
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Jacobian matrix by decoupling the real and reactive power equations, thus reducing the computational burden 

significantly. Several recent studies [4], [5] have suggested that the FDLF method assumes weak coupling 

between active power and voltage magnitude, and between reactive power and voltage angle an assumption 

generally valid in high-voltage and medium-voltage systems.  

Standard power flow analysis methods, such as the conventional Newton-Raphson, often encounter 

challenges in distribution systems due to their high 𝑅/𝑋 ratios and the computational burden required for 

large-scale iterations. There is a persistent need for a more computationally efficient approach that can 

decouple active and reactive power components to speed up convergence without sacrificing the accuracy 

required for high-voltage (20 kV) network modeling. Power flow calculation has traditionally employed 

methods such as the Newton-Raphson approach, although highly accurate, can be computationally intensive, 

especially for large or complex systems [6], [7]. By applying this technique, the study seeks to contribute to 

more effective planning and operation of distribution networks, supporting the broader objective of 

enhancing the reliability and efficiency of electrical energy systems [8], [9]. 

Several recent studies [10], [11] have suggested that the primary objective of this research is to 

optimize the voltage profile of a 20 kV system through the strategic integration of the fast-decoupled power 

flow or FDPF algorithm and reactive power compensation. The optimization process also seeks to fine-tune 

the implementation of the FDLF method to suit the specific characteristics of a 20 kV system, including line 

impedances, load variability, and network topology [12]. By implementing the fast-decoupled method in 

power flow calculations for 20 kV systems, this research is expected to contribute to faster decision-making 

processes, better voltage stability, and enhanced energy distribution efficiency. Several recent studies [13], [14] 

have suggested that the findings of this study may also serve as a reference for utility companies and system 

operators in adopting more advanced and efficient algorithms for distribution network analysis and control. 

An electric power system consists of four primary components: generation, transmission, 

distribution, and load (end users). Electrical energy is generated and then transferred to transmission lines via 

a step-up transformer. From there, the power moves through the transmission network to the distribution 

system, which finally delivers electricity to consumers [15], [16]. An illustration of the electric power system 

is provided in Figure 1. 

 

 

 
 

Figure 1. System of electric power 

 

 

Figure 1 shows that the electric power system is an integrated system that functions to generate, 

transmit, and distribute electrical energy from the source of generation to consumers (loads) in a reliable, 

safe, and efficient manner. This system consists of three main parts, namely generation, transmission, and 

distribution. At the generation stage, electrical energy is produced from various energy sources such as water, 

steam, gas, coal, and renewable energy, then the voltage is increased for transmission efficiency [17]. 

In its operation, the distribution system will eventually be loaded up to its maximum capacity in line 

with load growth. The distribution system consists of three types of networks: radial, spindle, and loop.  

A radial network is a system that has a single power source supplying all loads along one path, Several recent 

studies [18]–[20] have suggested that a spindle network is a system that has more than one source supplying 

the loads, but still in a branched configuration, a loop network is a system that consists of multiple power 

sources that are interconnected, forming a closed loop for enhanced reliability and flexibility. With 
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technological developments, distribution systems continue to evolve towards smart distribution systems to 

improve the efficiency and reliability of electricity services. In its operation, the distribution system will 

eventually be loaded up to its maximum capacity in line with load growth [21], [22]. The electrical power 

distribution system is shown in Figure 2. 

 

 

 
 

Figure 2. The electrical power distribution system 

 

 

Figure 2 shows that the electrical power distribution system is the final part of the electrical power 

system that functions to distribute electrical energy from the substation to consumers at the appropriate 

voltage level. This system plays an important role in determining the quality, reliability, and continuity of 

electricity service. Based on voltage level, the distribution system consists of medium voltage distribution 

and low voltage distribution. 

 

 

2. METHOD 

This research employs the fast decouple power flow method to improve voltage drop and power 

losses by placing optimal capacitor values at the appropriate locations in the distribution system. Proper 

capacitor placement can maintain voltage levels within permissible limits, thereby reducing voltage drops 

and power losses. The study uses a quantitative research method with a simulation study and numerical 

analysis approach [23], [24]. This research adopts a quantitative and simulation-based approach to analyze 

and optimize power flow calculations in a 20 kV distribution system FDLF method. FDLF is selected for its 

capability to reduce computational complexity while maintaining acceptable levels of accuracy in load flow 

analysis [25], [26]. 

 

2.1.  System modeling 

The first phase involves constructing a mathematical representation of the 20 kV distribution 

network. Unlike high-voltage transmission, 20 kV systems require precise modeling of line impedances and 

load characteristics. Bus admittance matrix (𝑌𝑏𝑢𝑠), this matrix represents the nodal topology of the network. 

 

𝑌𝑖𝑗 =  𝐺𝑖𝑗 + 𝑗 𝐵𝑖𝑗 (1) 

 

The technical role defines the relationship between current and voltage at every node. In a 20 kV system, 

𝑌𝑏𝑢𝑠 is the fundamental framework used to calculate how power flows through various feeders and branches. 

Load representation means that the loads at the distribution level are modeled as constant power sinks (𝑃 − 𝑄 

loads). 

 

𝑆𝑖 =  𝑃𝑖 + 𝑗 𝑄𝑖  (2) 

 

The technical role defines the boundary conditions for the power flow equations, representing the real and 

reactive power demand at each distribution transformer. 
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2.2.  Implementation of FDLF 

The FDLF algorithm is implemented to solve the non-linear power flow equations by exploiting the 

physical decoupling between real power/angle and reactive power/voltage. 

− Active power sub-problem 

The technical role means that this equation solves for phase angle corrections (). The matrix 𝐵′ is 

a simplified version of the Jacobian, where resistance 𝑅 is often neglected relative to reactance 𝑋 to allow for 

faster, non-iterative updates of the matrix. 

 

[
∆𝑄

𝑉
 ] =  [𝐵"][∆] (3) 

 

− Reactive power sub-problem 

The technical role means this solves for voltage magnitude corrections (𝑉). 𝐵′′ represents the 

sensitivity of voltage to reactive power changes. By solving these two equations separately, the 

computational speed is increased by up to 5 times compared to the standard Newton-Raphson method. 

 

[
∆𝑄

𝑉
 ] =  [𝐵"][∆𝑉] (4) 

 

2.3.  Rationalization of capacitor bank sizing 

To optimize the system, capacitor banks are sized not by trial and error, but through technical 

rationalization based on the reactive power deficit. 

− Reactive power injection formula 

The technical role means this determines the exact megavolt-ampere reactive (MVAR) required to 

improve the power factor (PF) from an inefficient state (e.g., 0.8) to the target state (e.g., 0.95). It ensures that 

the capacitor Vbank is not oversized, which could cause overvoltage during light-load conditions. 

 

𝑄𝑐𝑎𝑝 =  (𝑡𝑎𝑛 ∅𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − 𝑡𝑎𝑛∅𝑡𝑎𝑟𝑔𝑒𝑡) (5) 
 

− Voltage sensitivity factor (VSF) 

The technical role means this derivative identifies the most sensitive buses in the 20 kV system. 

Capacitors are 2. 

 

𝑉𝑆𝐹 =  
𝜕𝑉𝑖

𝜕𝑄𝑖
  (6) 

 

2.4.  Simulation workflow 

The optimization process follows a rigorous sequential workflow to ensure the validity of the 

results: (i) data acquisition; (ii) base case simulation; (iii) optimal sizing and placement; (iv) iterative 

optimization: re-running the FDLF simulation with the integrated capacitor models; (v) convergence 

checkand; and (vi) performance evaluation.  

 

2.5.  Power flow analysis using the fast-decouple method 

FDLF method is commonly used in power system studies to determine the steady-state behavior of 

an electrical network. Load flow analysis primarily aims to calculate the voltage magnitudes and phase 

angles at each bus, along with the active and reactive power flows throughout the system [27], [28]. This data 

is essential to guarantee dependable, effective, and safe functioning of the power system. FDLF is an easier 

and faster adaptation of the Newton-Raphson technique. It aims to minimize computational workload and 

memory consumption, particularly in extensive power systems.  

 

 

3. RESULTS AND DISCUSSION 

3.1.  Calculation of capacitor bank requirements 

The use of capacitor banks can be calculated: 

 

𝑄1 = √𝑆2 − 𝑃2  

      = √6689.3322 − 5685.9322  

      = 3523.824 𝑘𝑉𝐴𝑅  

 

 



      ISSN: 1693-6930 

TELKOMNIKA Telecommun Comput El Control, Vol. 24, No. 4, August 2026: 1440-1448 

1444 

𝑄2 = 𝑃 × 𝑇𝑎𝑛𝜑2  

      = 5685.932 ×  𝑇𝑎𝑛𝜑2(𝐶𝑜𝑠−10.95)  

      = 5685.932 × 0.32  

      = 1819.498 𝑘𝑉𝐴𝑅  

 

The required capacitor bank size for the Flamboyan Feeder is: 

 

𝐶𝑜𝑠1 = 0.85  

𝐶𝑜𝑠1
−1 = 31.8°  

𝐶𝑜𝑠2 = 0.95  

𝐶𝑜𝑠2
−1 = 18.2°  

 

The capacitor bank size required for the Flamboyan Feeder has a voltage of 20.6 kV and a load current of 

187.48 Amperes. 

 

𝑃 = √3 × 20600 × 187.48 × 0.85  

    =  5689932.743 W 

    =  5689.932 kW 

 

Hence,  

 

𝑄𝑐 =  𝑡𝑎𝑛 
𝑖𝑛𝑖𝑡𝑖𝑎𝑙

−  𝑡𝑎𝑛 
𝑡𝑎𝑟𝑔𝑒𝑡

  

       =  𝑃 (𝑡𝑎𝑛 31.8 − 𝑡𝑎𝑛 13.2)  

       =  5689.932 (0.62 − 0.33)  

       = 5689.932 × 0.92  

       = 1648 𝑘𝑉𝐴𝑅 

 

Therefore, the required capacitor reactive power (Qc) is: 

 

𝐾 =
𝑘𝑉𝐴𝑟𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟

𝑘𝑉𝐴𝑟𝑇𝑜𝑡𝑎𝑙
  

     =
1648.92

1819.498
  

𝐾 = 0.9 

 

𝑘𝑉𝐴𝑟 = 0.92 × 𝑘𝑉𝐴𝑟𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟  

            =  0.92 ×  1648  

            =  1494 kVAr  

 

Based on Table 1, it can be seen that capacitor 1 has a value of 3524 kVAR and capacitor 2 has a 

value of 1819 kVAR. As for the required capacitor reactive power 1494 kVAR while the active power 

obtained is 5689 kW 
 

 

Table 1. Comparison of voltage and losses before and after the installation of 2×900 kVAr capacitor banks 

on Feeder 7 
No 

System status 
Lowest acceptable voltage Total losses 

kV Location Active power loss Reactive power loss 

1 Existing conditions 0.887 Pu (17.74) Bus 27 0.531 1.019 

0.882 Pu (17.64) Bus 52 

2 After installing the capacitor bank 0.958 Pu (19.16) Bus 27 0.375 0.689 

0.951 Pu (19.02) Bus 52 

 

 

So that the voltage received at transformer BK 052 is obtained: 

 

𝑉𝑟 =  𝑉𝐺𝐼 − 𝑉𝐺𝐼→𝐵𝐾052 

=  20600 − 398.92 

=  20201 Volt 

 



TELKOMNIKA Telecommun Comput El Control   

 

Fast-decoupled power flow optimization in 20 kV systems (Abrar Tanjung) 

1445 

3.2.  Determination of optimum capacitor placement 

The total required reactive power Qc of the capacitor for the line is 1949 kVAr. 

If one capacitor unit has a capacity of 900 kVAr, then the number of capacitor units required is: 

 

𝑁 =
1,494.333

900
  

𝑁 = 1.6  

𝑁 = 2 capacitor unit 

 

Therefore, the capacitors to be installed to improve voltage drop and power factor are two units, each with a 

capacity of 900 kVAr. The optimum placement of the capacitors can be determined based on the total line 

length of 181.5 km. Given the presence of two long branches, the author selects the branch line lengths as the 

following. 

− Capacitor 1 is placed on the first branch with a total line length of 92 km. 

 

𝑋1 = [1 −
2×1−1

2×2
0.45] × 92  

      =  0.88 × 92  

𝑋1 = 80 kM (at transformer BG 236) 

 

− Capacitor 2 is placed on the second branch with a total line length of 124 km. 

 

𝑋2 = [1 −
2×2−1

2×2
0.45] × 124  

𝑋2  =  0.66 × 124  

𝑋2 =  81.84  (at transformer BG 117)  

 

The voltage calculation after installing a 2400 kVAr capacitor bank on the feeder is as: 

 

𝐼𝐶 =
𝑃

√3.𝑉.𝑐𝑜𝑠𝜃
  

𝐼𝐺𝐼→𝐵𝐾053 =
5,685.932

√3×20.6×0.95
  

=  167.75 Ampere 

 

Therefore, 

 

∆𝑉𝐺𝐼→𝐵052 = √3. 𝐼. 𝑍𝐺𝐼→𝐵𝐾052 

                       = √3 × 167.75 × 1.373 

                       = 398.92 Volt 

 

3.3.  Calculating basic impedance 

To simplify the calculation of all impedances, each load is converted into one. Here, the author uses: 

 

𝑀𝑉𝐴𝑏𝑎𝑠𝑒 = 100 MVA and 𝑘𝑉𝐴𝑏𝑎𝑠𝑒 = 20 Kv 

𝑍𝑏𝑎𝑠𝑒 =
𝑘𝑉2

𝑀𝑉𝐴𝑏𝑎𝑠𝑒
 

𝑍𝑏𝑎𝑠𝑒 =
(20×103)2

100×106   

 

Calculating Bus 1 – Bus 2, the line uses a 240 mm2 AAAC conductor with an impedance of (0.134 + j 0.314) 

over a length of 24 km. Therefore, the line impedance is 3.216 + 𝑗 7.584 Ohm/km. So, the impedance of 

channel Bus 1 – Bus 2: 

 

𝑍𝑏𝑢𝑠 2 =
𝑍𝑏𝑢𝑠 2

𝑍𝑏𝑎𝑠𝑒
  

𝑍 =
3.216+𝑗 7.584

4
  

𝑍 = 0.804 + 𝑗 1.896 pu  
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3.4.  The channel impedance from Bus 1 to Bus 2 is pu 

Using the same equation, we can calculate Bus 2 – Bus 3 using AAAC 150 mm² conductor with an 

impedance of (0.216 + 𝑗 0.3305) ohms over a length of 3 km. Thus, the line impedance is 0.648 + 𝑗 0.9915 

ohms/km. 

 

𝑍𝑏𝑢𝑠 2 =
𝑍𝑏𝑢𝑠 2

𝑍𝑏𝑎𝑠𝑒
  

𝑍 =
0.648+𝑗 0.992

4
  

𝑍 =  0.162 +  𝑗 0.248 pu 

 

3.5.  Analysis results using the fast decouple method for existing conditions before and after 

installation of the 2×900 kVAr capacitor bank 

Based on Table 1, power loss savings/reductions are obtained. For active power is 0.531–0.375 MW 

= 0.156 MW or 156 kW while for reactive power is 1.019–0.689 MVAr = 0.330 MVAr or 330 kVAr. From 

the existing conditions and after the installation of the capacitor bank, the graph shown in Figure 3 is 

obtained. From Figure 3, it can be seen that the voltage drop from the existing condition at Bus 27 was 

17.740 kV and at Bus 53 was 17.640 kV. After installing capacitors with a capacity of 2×900 kVAr, the 

voltage at Bus 27 became 19.160 kV and at Bus 52 became 19.020 kV. 

 

 

 
 

Figure 3. Capacitor bank installation chart 

 

 

Compared to Newton-Raphson (NR), while NR is highly accurate, it is computationally heavy because it 

recalculates complex matrices in every step. FDLF is significantly faster because it simplifies these calculations, 

making it more efficient for 20 kV systems that require quick processing. Compared to Gauss-Seidel (GS), GS 

is mathematically simple but often fails or takes too long to converge in large networks. FDLF is much more 

stable and reliable, ensuring faster results even when dealing with many nodes in a 20 kV distribution grid. 

Conclusion for 20 kV Systems (in 20 kV networks), FDLF serves as the ideal middle ground: it is faster than 

NR and more stable than GS.  

 

 

4. CONCLUSION 

The accuracy and efficiency of the FDLF method proves to be highly capable of providing accurate 

and efficient results in analyzing the voltage profile of a 20 kV distribution system. It allows for rapid 

identification of critical nodes within the network with minimal computational overhead. Identification of 

voltage deficiencies shows that simulation results under existing conditions revealed significant voltage drops 

that compromised system standards. Specifically, the voltage at Bus 27 was recorded at 17.740 kV, while 

Bus 53 experienced a critical drop to 7.640 kV, indicating a severe deviation from the nominal operating 

voltage. The impact of strategic intervention reveals that the installation of capacitor banks with a total 

capacity of 2×900 kVAr significantly improved the system's power quality. Following this intervention, the 

voltage at Bus 27 increased to 19.160 kV, and the voltage at Bus 52 rose to 19.020 kV, effectively stabilizing 

the network and enhanced system reliability. 

 

 



TELKOMNIKA Telecommun Comput El Control   

 

Fast-decoupled power flow optimization in 20 kV systems (Abrar Tanjung) 

1447 

FUNDING INFORMATION  

The author indicates that there was no funding involved. 

 

 

AUTHOR CONTRIBUTIONS STATEMENT  

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Abrar Tanjung ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓  

David Setiawan  ✓    ✓  ✓ ✓ ✓ ✓ ✓   

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT  

The author reports no conflicts of interest related to this work. 

 

 

DATA AVAILABILITY  

Data availability is not applicable to this study because it did not involve the generation or analysis of 

new data. 

 

 

REFERENCES 
[1] T. Yuvaraj, K. R. Devabalaji, J. A. Kumar, S. B. Thanikanti, and N. I. Nwulu, “A Comprehensive Review and Analysis of the 

Allocation of Electric Vehicle Charging Stations in Distribution Networks,” IEEE Access, vol. 12, pp. 5404–5461, 2024, doi: 

10.1109/ACCESS.2023.3349274. 
[2] V. S. M. B. K., P. Chakraborty, and M. Pal, “Planning of fast charging infrastructure for electric vehicles in a distribution system 

and prediction of dynamic price,” International Journal of Electrical Power & Energy Systems, vol. 155, p. 109502, Jan. 2024, 

doi: 10.1016/j.ijepes.2023.109502. 
[3] K. Balu and V. Mukherjee, “Optimal allocation of electric vehicle charging stations and renewable distributed generation with 

battery energy storage in radial distribution system considering time sequence characteristics of generation and load demand,” 

Journal of Energy Storage, vol. 59, 2023, doi: 10.1016/j.est.2022.106533. 
[4] N. Veerakumar, D. Ćetenović, K. Kongurai, M. Popov, A. Jongepier, and V. Terzija, “PMU-based Real-time Distribution System 

State Estimation Considering Anomaly Detection, Discrimination and Identification,” International Journal of Electrical Power 

& Energy Systems, vol. 148, p. 108916, Jun. 2023, doi: 10.1016/j.ijepes.2022.108916. 
[5] J. Vatter, R. Mayer, and H. A. Jacobsen, “The Evolution of Distributed Systems for Graph Neural Networks and Their Origin in 

Graph Processing and Deep Learning: A Survey,” ACM Computing Surveys, vol. 56, no. 1, 2024, doi: 10.1145/3597428. 
[6] Z. Li, Y. Xu, P. Wang, and G. Xiao, “Restoration of a Multi-Energy Distribution System with Joint District Network 

Reconfiguration via Distributed Stochastic Programming,” IEEE Transactions on Smart Grid, vol. 15, no. 3, pp. 2667–2680, 

2024, doi: 10.1109/TSG.2023.3317780. 
[7] C. Li et al., “Resilient outage recovery of a distribution system: co-optimizing mobile power sources with network structure,” 

Protection and Control of Modern Power Systems, vol. 7, no. 1, 2022, doi: 10.1186/s41601-022-00256-9. 

[8] S. Santos, M. Gough, D. Z. Fitiwi, J. Pogeira, M. Shafie-Khah, and J. Catalao, “Dynamic Distribution System Reconfiguration 
Considering Distributed Renewable Energy Sources and Energy Storage Systems,” IEEE Systems Journal, vol. 16, no. 3, pp. 

3723–3733, 2022, doi: 10.1109/JSYST.2021.3135716. 

[9] M. A. Aman et al., “Optimal Siting of Distributed Generation Unit in Power Distribution System considering Voltage Profile and 
Power Losses,” Mathematical Problems in Engineering, vol. 2022, 2022, doi: 10.1155/2022/5638407. 

[10] A. Kumar, R. Verma, N. K. Choudhary, and N. Singh, “Optimal placement and sizing of distributed generation in power 

distribution system: a comprehensive review,” Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, vol. 45, 
no. 3, pp. 7160–7185, Aug. 2023, doi: 10.1080/15567036.2023.2216167. 

[11] L. F. G. S. de Lima, O. L. Tortelli, E. M. Lourenço, and R. K. Portelinha, “Fast decoupled state estimation including thyristor 

controlled series compensator devices,” Electric Power Systems Research, vol. 213, 2022, doi: 10.1016/j.epsr.2022.108439. 
[12] H. E. H. Fuentes, F. J. Z. Soto, and J. L. Martinez-Ramos, “A Fast Non-Decoupled Algorithm to Solve the Load Flow Problem in 

Meshed Distribution Networks,” in 2021 International Conference on Smart Energy Systems and Technologies (SEST), Sep. 

2021, pp. 1–6. doi: 10.1109/SEST50973.2021.9543442. 
[13] K. S. Felix, M. P., Okpura, N. I., Udofia, K. M., Owoeye, “Optimal Power Flow for 330 KV Transmission Network using Fast 

Decoupled Method,” Science and Technology Publishing (SCI & TECH), vol. 7, no. 5, 2023. 

[14] C. Coutinho de Oliveira, A. Bonini Neto, D. A. Alves, C. R. Minussi, and C. A. Castro, “Alternative Current Injection Newton 
and Fast Decoupled Power Flow,” Energies, vol. 16, no. 6, 2023, doi: 10.3390/en16062548. 

[15] V. Thanuush, M. R. Rashmi, and H. Pin Lee, “A Comparative Study of Gauss-Seidel, Fast Decoupled, and Newton-Raphson 

Methods for Power Flow Analysis in Microgrids,” in 2024 First International Conference on Innovations in Communications, 



      ISSN: 1693-6930 

TELKOMNIKA Telecommun Comput El Control, Vol. 24, No. 4, August 2026: 1440-1448 

1448 

Electrical and Computer Engineering (ICICEC), Oct. 2024, pp. 1–7. doi: 10.1109/ICICEC62498.2024.10808719. 

[16] L. Zeng, S. G. Alawneh, and S. A. Arefifar, “Parallel multi-GPU implementation of fast decoupled power flow solver with hybrid 
architecture,” Cluster Computing, vol. 27, no. 1, pp. 1125–1136, 2024, doi: 10.1007/s10586-023-04064-0. 

[17] S. Pandey, S. Sasane, and S. Paul, “Data-Driven Power Flow Solutions for Distribution Networks with Solar Energy Resources,” 

in 2025 3rd IEEE International Conference on Industrial Electronics: Developments &amp; Applications (ICIDeA), Feb. 2025, 
pp. 1–6. doi: 10.1109/ICIDeA64800.2025.10963003. 

[18] K. A. Al-Anbarri, “A New Fast Decoupled-Like Algorithm for Radial Distribution Power Flow Problem by Using Rectangular 

Coordinates,” IEEE Access, vol. 12, pp. 65543–65554, 2024, doi: 10.1109/ACCESS.2024.3395169. 
[19] R. Carmona-Pardo, Á. Rodríguez del Nozal, E. Romero-Ramos, and A. Gómez-Expósito, “Enlarged current injection model for 

the power flow solution of unbalanced distribution networks,” International Journal of Electrical Power and Energy Systems, vol. 

165, 2025, doi: 10.1016/j.ijepes.2025.110495. 
[20] G. Meena, V. P. Singh, A. Dixit, A. Mathur, and A. Bhatt, “Steady-State Models of AC Microgrid for Load Flow Solutions,” in 

2024 1st International Conference on Innovative Sustainable Technologies for Energy, Mechatronics, and Smart Systems 

(ISTEMS), Apr. 2024, pp. 1–6. doi: 10.1109/ISTEMS60181.2024.10560356. 
[21] H. K. Ahmad, “Ac power flow analysis using fast decoupled Newton-Raphson algorithm compared with Gaussian-Seidel 

approach,” Journal of Optoelectronics Laser, vol. 41, no. 3, p. 2022, 2022. 

[22] A. L. Monteiro, E. M. M. Nogueira, E. M. Lourenço, and O. L. Tortelli, “Bad Data Processing in Fast-Decoupled State Estimation 
via Geometric Approach,” Journal of Control, Automation and Electrical Systems, vol. 36, no. 1, pp. 134–146, 2025, doi: 

10.1007/s40313-024-01145-2. 

[23] I. A. Almeida, O. R. Saavedra, and D. Q. Oliveira, “Fast Decoupled Power Flow for Stand-Alone AC Microgrids with Droop 
Control,” in 2021 IEEE PES Innovative Smart Grid Technologies Conference - Latin America (ISGT Latin America), Sep. 2021, 

pp. 1–5. doi: 10.1109/ISGTLatinAmerica52371.2021.9543086. 

[24] C. F. S. Hasler, E. M. Lourenço, O. L. Tortelli, and R. K. Portelinha, “Modelling FACTS controllers in fast-decoupled state 
estimation,” Electric Power Systems Research, vol. 234, 2024, doi: 10.1016/j.epsr.2024.110631. 

[25] S. B. Efe, “Power system optimization by using combined Fast-Decoupled power flow algorithm and UPFC,” AINTELIA Science 
Notes Journal, vol. 2, no. 1, 2023. 

[26] Y. Zhou et al., “Model-Data-Driven Approach for Achieving Decoupled Power Flow and Its Application in Asymmetric Bipolar 

DC Distribution Networks,” IEEE Transactions on Industry Applications, vol. 61, no. 2, pp. 2504–2514, 2025, doi: 
10.1109/TIA.2025.3529803. 

[27] P. Buason and D. K. Molzahn, “Analysis of Fast Decoupled Power Flow via Multiple Axis Rotations,” in 2020 52nd North 

American Power Symposium (NAPS), Apr. 2021, pp. 1–6. doi: 10.1109/NAPS50074.2021.9449709. 
[28] H. Tian, G. Liang, M. Chen, Z. Tang, Q. Li, and P. Han, “An Integrated Flyback Rectifier with Power Decoupling and Auto 

PFC,” IEEE Journal of Emerging and Selected Topics in Power Electronics, vol. 12, no. 2, pp. 1883–1893, 2024, doi: 

10.1109/JESTPE.2023.3340709. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Abrar Tanjung     obtained a Bachelor of Engineering (S.T.) degree in Electrical 

Engineering from Lancang Kuning University, Pekanbaru Riau, Indonesia, in 1998, a Master 

of Engineering (M.T.) degree in Electrical Engineering from the Sepuluh Nopember Institute 

of Technology in Surabaya in 2008, and a Doctorate (Dr.) in Vocational Technology 

Education from Padang State University, West Sumatra, Indonesia, in 2025. Currently, he 

works as a lecturer in the Electrical Engineering Program at the Faculty of Engineering, 

Lancang Kuning University, Pekanbaru, Riau, Indonesia. His current research interests 

include electrical power systems, energy, energy conversion, artificial intelligence, control, 

and renewable energy. He can be contacted at email: abrar@unilak.ac.id. 

  

 

David Setiawan     earned a Bachelor of Engineering (S.T.) in Electrical 

Engineering from Lancang Kuning University, Pekanbaru, Riau, Indonesia, in 2003, then 

earned a Master of Engineering (M.T.) in Electrical Engineering from Sepuluh Nopember 

Institute of Technology, Surabaya, in 2008, and earned a Doctorate (Dr.) in Vocational 

Technology Education from Padang State University, West Sumatra, Indonesia, in 2020. 

Currently, he works as a lecturer in the Mechatronics Engineering Study Program at the 

Faculty of Engineering, Lancang Kuning University, Pekanbaru, Riau, Indonesia. His current 

research interests include electrical power systems, control systems, artificial intelligence, and 

renewable energy. He can be contacted at email: dsetia@unilak.ac.id. 

 

https://orcid.org/0000-0002-7396-6186
https://www.scopus.com/authid/detail.uri?authorId=57200086416
https://orcid.org/0000-0001-9132-3291
https://scholar.google.com/citations?hl=en&user=xcST5b4AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57216610839

