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ABSTRACT

Reliability refers to the likelihood of a system successfully completing its intended task. In this paper, the
proponents assessed the reliability of the IEEE Bus 6 Roy Billington Test System (RBTS) distribution system by
optimizing two reliability indices: the System Average Interruption Frequency Index (SAIFI) and Expected
Energy Not Served (EENS). The proponents optimized the reliability indices by leveraging a Genetic Algorithm
implemented in JavaScript within Visual Studio Code, aiming to determine the optimal placement of protective
devices. Results revealed the optimized values for both SAIFI and EENS alongside the protective device
placement. In section 1, the SAIFI optimized value is 1.4492 with its EENS at 24607.8729 kWh and cost at
244090.4 Philippine Peso (Php). Future researchers can use other algorithms to optimize as well as use the
data gathered in this study to be compared with. Also, the code used in the study can be further developed into
a software that is designed to calculate the reliability indices, SAIFI and EENS.

Keywords: Genetic Algorithm, JavaScript, IEEE Bus-6 RBTS System, Protective Devices, System Average
Interruption Frequency Index.

I. INTRODUCTION

Over the past few decades, the reliability of distribution systems has become a major concern in the changing
socio-economic conditions of consumers [1]. Once a fault occurs in a distribution system, consumers will
experience either momentary or sustained interruptions. And these interruptions greatly affect the reliability of
the distribution system. Thus, there are several ways to lessen this problem: improvement of power
distribution reliability by minimization of the composite reliability indices [2].

The distribution system serves as a direct link to customers, exerting a profound influence on the reliability of
power supply. Notably, statistics reveal that a significant majority of power outages stem from distribution
system failures, underscoring the critical importance of evaluating distribution system reliability.
Approximately 90% of the reliability issues faced by customers can be traced back to failures within electric
power distribution systems [3,4,5].

Power outages are bound to happen due to various issues with the power supply, network, and the amount of
electricity being used. Once a fault occurs in a distribution system, consumers will experience either
momentary or sustained interruptions. These interruptions greatly affect the reliability of the distribution
system. Thus, there are several ways to lessen this problem, including the improvement of power distribution
reliability by minimizing the composite reliability indices [10].

Certain studies have employed the deterministic approach like Multi-Integer Programming (MIL), Binary
Integer Programming, and ILP Method, to determine the optimal placement of the protective devices [16, 20,
22, 26], while others have employed heuristic methods, such as the ant-colony algorithm and the binary
particle swarm algorithm, for optimization purposes [21, 23, 24, 25,]. Also, other studies made use of
simulation like Monte Carlo method in optimizing and assessing distribution network reliability [33].

Recent studies opt to use genetic algorithms (GA), in 2020, GA is used to enhance the reliability of a distribution
system [11]. Also, in 2021, GA shows an optimal placement of reclosers in a radial distribution system for
reliability improvement [12]. In 2016, a method for optimal placement and sizing of the capacitors in a radial
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distribution feeder using the Genetic Algorithm (GA) with the objective of loss reduction and voltage profile
improvement was presented [13].

In 2014, genetic algorithm was utilized for large-scale optimization of assignment, planning, and rescheduling
[28]. Moreover, in 2022, genetic algorithm was used to optimize Nigerian radial feeders to mitigate power loss
and voltage profile problems on the radial distribution network [29].

Meanwhile, in 2015, genetic algorithm (GA) was dealt into application in order to achieve an optimal location of
FACTS devices in a distribution system. Using this optimization technique, only the best individuals in a
population are selected to create new possible solutions, and, these solutions are meant to improve the energy
efficiency of the system [40].

The main objective of this study is to optimize the crucial reliability indices - SAIFI and EENS of a radial
distribution network through the optimal placement of protective devices such as reclosers, switches, and fuses
using Genetic Algorithm. Specifically, the researchers intend to: 1.) Create a JavaScript code for genetic
algorithm; 2.) Create a circuit diagram of the optimized system; and 3.) Compute for the cost of each optimized
section.

This study will be limited to an IEEE RBTS BUS 6 test system installed with protective devices such as fuse,
circuit breaker, disconnecting switch, and reclosers. It will cover only the optimal placement of protective
devices to improve the system'’s reliability indices. The code will be limited to the optimization of SAIFI and
EENS only.

II. METHODOLOGY
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Figure 1: Research Flow Chart

The flowchart in Figure 1 illustrates a methodological approach to enhancing the reliability indices of a radial
distribution system through the optimal placement of protective devices. The process begins with selecting a
system that has the necessary data for optimization. The next step involves choosing the Genetic Algorithm
(GA) as the optimization technique, along with the development environment (VS Code) and the programming
language (JavaScript).

The algorithm is then implemented in JavaScript using VS Code, adhering to the GA flow, and incorporating the
SAIFI and EENS formulas along with relevant constraints. Once the code is developed, researchers input the
collected data to initiate the optimization process. This process generates ten potential results for each section
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of the system. Researchers then evaluate the cost associated with each result to determine the most effective
solution. Ultimately, the best option is selected, and circuit diagrams are created to depict the optimal locations
for the protective devices.

Test Case of the System

The researchers utilized the IEEE RBTS Bus 6 as the test case system of the study with the aim of optimizing the
reliability indices through determining the optimal device placement. As seen in Figure 2, the distribution
system has 23 load points, and 23 distribution transformers. The test case is divided into five sections, as the
analysis of the test system will be simplified by dismantling portions of the system and analyzing the sections
separately.

Section 1 will cover the portion feeders 1 to 9 and load points 1 to 7. Section 2 will cover the portion feeders 11
to 15 and load points 8 to 10. Section 3 will cover the portion feeders 19 to 24 and load points 14 to 18. Section
4 will cover the portion feeders 16 to 18, and load points 11 to 13. Lastly, Section 5 will cover the portion
feeders 25 to 30, and load points 19 to 23.

The test system contains reliability data specific to each component with the reliability information for the
transformers, feeder lines, and load points within the system given from the studies of [34, 38].
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Figure 2: IEEE RBTS Bus 6
Visual Studio Code

Genetic Algorithm optimization will be conducted on VS Code version 16.11.36 by utilizing the programming
language JavaScript. The optimization process will run under the minimum system requirements of Windows
10, with a processor speed of 1.6 GHz and at least 1.00 GB of RAM. Such specifications ensure that the
optimization can be performed efficiently, leveraging the capabilities of both the chosen software and hardware
environments. The use of VS Code version 16.11.36 provides a robust and feature-rich Integrated Development
Environment (IDE) that supports JavaScript, facilitating the development and debugging of the Genetic
Algorithm.

JavaScript

The inherent strengths of JavaScript make it an ideal platform for Genetic Algorithm development. Firstly, its
platform independence ensures the GA's execution on any device equipped with a web browser, eliminating the
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need for specialized software installations [41]. This capability makes an excellent platform for the
optimization of reliability indices.
Genetic Algorithm

Genetic algorithm (GA) offer a robust and versatile approach to solving optimization problems, particularly in
scenarios with complex, non-linear, and multi-objective functions [40]. GA’s ability to explore large solution
spaces without getting trapped in local optima makes them well-suited for tackling challenges such as
optimizing the placement of protective devices in power distribution systems. In this context, where the
objective is to minimize the SAIFI and EENS while adhering to various constraints imposed by regulations and

practical considerations, GAs excel at navigating the intricate decision space.

Initialization

Evaluation

Stopping
Criteria

Results

| Selection

T Y

End |Rep|acement] | Crossover ]

1

A

v

| Evaluation ]<—i Mutation ]

Figure 3: Genetic Algorithm Flowchart

Genetic algorithms solve problems in picking the best mutation possible. It starts with a pool of potential
solutions (population), evaluates the population based on a scoring system (fitness), and picks the strongest
ones to create the next generation. The "parents" mix and match solutions (crossover) with some random
changes (mutation) to create new possibilities. Weaker solutions are replaced by these offspring, and the cycle
repeats until the algorithm find the best solution.

SAIFI and EENS formula

SAIFI formula:
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Utilizing the genetic algorithm flowchart, relevant formulas, and constraints, JavaScript code was written to
yield optimized values for SAIFI and EENS, alongside with the placement of protective devices. This algorithm
systematically explores various configurations, determining whether a protective device should be installed at
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each potential location. In the algorithm's results, a value of “1” indicates that a protective device should be
installed at that specific location, while a value of “0” signifies that it should not be installed.
Constraints
The constraints utilized are as follows: Node 1 of every section is automatically installed with a circuit breaker,
and fuses are not allowed at the main feeder. Additionally, all laterals, being heavy loaded segments with long
lines, must be installed with a protective device, whereas not all nodes on the main feeder require one.
Specifically, only one recloser is permitted for five or fewer load points, while two line reclosers are allowed for
more than five load points. Furthermore, the system must include both a switch and a recloser. It is important
to note that the line reclosers operating as sectionalizers between sections are not included in the quantity
count. Finally, there are no limitations on the quantity of fuses to be installed, whether fuse-save or fuse-blown.
Computation of Cost
After the researchers optimize the locations of the protective devices, the researchers will compute the cost of
the project. The cost of the project depends on the reliability index which is the EENS. Moreover, the least
amount of cost with the optimum location of the protective devices will be selected as the best case in the
system.
This study utilized Pampanga Electric Cooperative II (PELCO II) rate of #9.9192/kW-hr [43] as basis for
computing the cost.
Using equation: EENS =Y UilW;
Cost = EENS*9.9192 Php/kW-hr

III. RESULTS AND DISCUSSION
Comparing Optimized Results to Initial Case

Table 3.1 Comparison between Optimized and Initial Case

SAIFI EENS
sections Initial Case Optimized Initial Case Optimized
Case Case

1 11.7874 1.1927 202,599.5 33,062.9472
2 8.9654 0.5892 70,436 14,869.5907
3 4.8393 1.3227 178,960.3 56,428.4525

4 6.0697 1.4492 71,665.33 28,225.1

5 11.4363 0.9011 234,041.1 56,976.07
Total 43.0981 5.4549 757,702.2 185,944.94

The researchers utilized the initial case from the study of [44] where the same test system is used to optimize
reliability indices using Binary Integer Linear Programming. In [44] initial case, it assumed that there are no
protective devices installed in the system other than the circuit breakers at the opening of each section as well
as the disconnecting switches in between the sections. It can be observed how the optimized values shrink in
numbers compared to the initial cases. The total SAIFI value of 43.0981 in the initial case is turned into only
5.4549, Moreover, the EENS value was cut from 757702.21 to 185944.94 kWh.

Section 1-5 Best Case Results
Table 3: 2 Best Case of Each Section

Fuse-

Section  Recloser Fuse-Blow Switch Save SAIFI EENS COST
1 3 10,11,12,13,15 6 9,14 1.1927 33,062.95 327,958
2 3, 5,6 4 7 0.5892 14,869.59 147,494.4
3 4 7,8,9 2 6,a 1.3227 56,428.45 559,725.1
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4 2 4 3 5,6 1.1648 28,2251 279970.4
5 5 6,8,10 2 7,9 09011 56,976.07 565,157.1

In Table 3.2, the optimal configurations for each section of the system are presented. These configurations
represent the cases with the smallest Expected Energy Not Supplied (EENS) and cost values, having undergone
filtering to meet predefined constraints. The configurations determine the precise placement of protective
devices throughout the system. Section 1 stood out as the most impactful among the five sections, given its
position at the system's onset. Equipped with a recloser at position 3, a switch at 6, and multiple Fuse-blow
instances at positions 10, 11, 12, 13, and 15, alongside Fuse-saves at 9 and 14, Section 1 experienced an 89.88%
reduction in SAIF], dropping from 11.7874 to 1.1927. Additionally, Section 1 EENS value decreased significantly
by 83.68%, falling from 202,599.5 to 33,062.95.

In contrast, Section 4, located farthest from the substation, had the least impact. Despite a 76.12% decrease in
SAIFI, from 6.0697 to 1.1648, it ranked second-lowest in terms of reduction percentage. Similarly, its EENS and
cost reductions were the most modest among the five sections, with a 60.62% decline in EENS from 71,665.33
to 28,225.1.

Optimized Circuit
In Figure 4 is the optimized placement of the protective devices in respect to the optimize scheme. Also, there

are automatically installed circuit breakers at the opening of each section as well as disconnecting switches
between the sections.

" LEGEND OF SYMBOLS

Ea: GIRCUIT BREAKER
P, Fuse-BLOW
P Fuse-save

O RECLOSER

\ DISCONNECTING
SWITCH

Figure 4: Optimized RBTS Bus 6 system
IV.  RECOMMENDATION

The researchers suggest that future studies consider additional reliability indices such as the Momentary
Average Interruption Frequency Index (MAIFI) and System Average Interruption Duration Index (SAIDI). It is
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also advisable to, (2) use another approach of well-known heuristic algorithms such as Particle Swarm
Optimization, Bee Algorithm, etc. and (3) incorporate automated switching in the model. The future researchers
can (4) compare the obtained results in this study for comparison and validation to other optimization
techniques. (5) Expanding the analysis to real world constraints like budget limits, regulations, and
implementation challenges of a utility into the optimization model to provide more practical recommendations
for system planners.

Also, (6) the code used in the study can be further developed into a software that is designed to calculate the
reliability indices, SAIFI and EENS

V. CONCLUSION

This study introduces a novel approach to optimize the reliability of power distribution systems by utilizing
Genetic Algorithm (GA) to optimize two composite reliability measures: System Average Interruption
Frequency Index (SAIFI) and Expected Energy Not Supplied (EENS). The focus of the research lies in
determining the optimal placement of essential components such as reclosers, switches, and fuses within the
distribution network. To evaluate the effectiveness of the proposed method, the researchers picked 10 distinct
test cases from each of the five sections that are released by the genetic algorithm in VS Code.

Through the iterative application of Genetic Algorithm, the researchers successfully minimized the composite
reliability indices, namely SAIFI and EENS. This optimization process involved determining the optimal
placement of protective devices and identifying the most suitable values for each composite reliability index.
Furthermore, the study considered the cost implications of Expected Energy Not Served, providing a
comprehensive assessment of both reliability and economic factors. Ultimately, the best-case configurations
were selected from each section based on the system’s ability to minimize SAIFI and EENS values, thereby
highlighting the effectiveness of the proposed optimization approach in enhancing the reliability of power
distribution systems.

ACKNOWLEDGEMENTS

The researchers extend their sincerest gratitude to all individuals and institutions that contributed to the
completion of this research paper. Special acknowledgment is directed towards research adviser, Engr. Louie
Serrano, for his unwavering support and insightful guidance. Profound appreciation is also conveyed to Engr.
Michael Eric Soriano for his generous contributions of time, expertise, and invaluable feedback, which were
instrumental to the success of this study.

Furthermore, the researchers express their deep gratitude to the Science Education Institute of the Department
of Science and Technology (DOST-SEI) and to their parents for the essential financial and moral support
provided. Finally, the researchers offer their utmost thanks to the Almighty Father for granting the strength and
wisdom necessary throughout the research process.

VI. REFERENCES

[1] Sailaja, C. V. S. S, & Prasad, P. V. N. (2016). Reliability Evaluation of DG integrated Automated
Distribution System. In International Conference on Electrical Power and Energy Systems (ICEPES).
Maulana Azad National Institute of Technology, Bhopal, India.

[2] Sinishaw, G. Y., Bantyirga, B., & Abebe, K. (2021). Analysis of smart grid technology application for
power distribution system reliability enhancement: A case study on Bahir Dar power distribution.
Scientific African, 12, e00840. https://doi.org/10.1016/j.sciaf.2021.e00840

[3] Gupta, N., Swarnkar, A., & Niazi, K. R. (2014). Distribution network reconfiguration for power quality
and reliability improvement using genetic algorithms. International Journal of Electrical Power &
Energy Systems, 54, 664-671. https://doi.org/10.1016/j.ijepes.2013.08.016

[4] Brown, R. E. (2017). Electric power distribution reliability (2nd ed.).

[5] Sagar, E. V., & Prasad, P. V. N. (2013). Reliability improvement of radial distribution system with smart
grid technology. Lect. Notes Eng. Comput. Sci., 1, 345-349.

[6] Soudi, F., & Tomsovic, K. Optimized distribution protection using binary programming. IEEE
Transactions on Power Delivery, 13, 218-224. https://doi.org/10.1109/61.660881

[7] Heidari, A., Agelidis, V. G., Kia, M., & Catalao, ]J. P. S. (2016). Reliability optimization of automated

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[356]


http://www.irjmets.com/

TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:06/Issue:07/July-2024 Impact Factor- 7.868 WWW.irjmets.com

(8]
[9]

[10]

[26]

distribution networks with probability customer interruption cost model in the presence of DG units.
IEEE Transactions on Smart Grid, PP(99), 1-1. https://doi.org/10.1109/TSG.2016.2609681

Xu, Y, & Wuy, Y. (2011). Reliability evaluation for distribution system connected with wind-turbine
generators. Grid Technology, 35, 154-158.

Chen, C.,, Wu, W,, Zhang, B., & Qin, J. (2012). Reliability evaluation for large-scale distribution network
based on component groups. Grid Technology, 36, 81-86.

Donalvo, M. T., et al. (2015). Maximizing Reliability by Optimal Siting of Distributed Generation and
Protective Devices.

Srivastava, A., Alam, A., Albash, M., Gupta, A., Kumar, V., & Zaid, M. (2020). Reliability enhancement of a
distribution system using genetic algorithm. In 2020 IEEE 7th Uttar Pradesh Section International
Conference on Electrical, Electronics and Computer Engineering (UPCON) (pp. 1-6). Prayagraj, India.
https://doi.org/10.1109/UPCON50219.2020.9376555 de

Alam, A, Tariq, M., Zaid, M., Verma, P., Alsultan, M., Ahmad, S., Sarwar, A., & Hossain, M. A. (2021).
Optimal placement of reclosers in a radial distribution system for reliability improvement. Electronics,
10(24), 3182. https://doi.org/10.3390/electronics10243182

Lohia, S., Mahela, O. P, & Ola, S. R. (2016). Optimal capacitor placement in distribution system using
genetic algorithm. In 2016 IEEE 7th Power India International Conference (PIICON) (pp. 1-6). Bikaner,
India. https://doi.org/10.1109/POWERIL.2016.8077355

IEEE Recommended Practice for Monitoring Electric Power Quality (2019). IEEE, Piscataway, NJ, USA,
Aug. 2019.

IEEE. (2012). IEEE Guide for Electric Power Distribution Reliability Indices—Redline (IEEE Standard
1366-2012, Revision of IEEE Standard 1366-2012), pp. 1-92.

[zadi, M., & Safdarian, A. (2019). A MIP model for risk constrained switch placement in distribution
networks. IEEE Transactions on Smart Grid, 10(4), 4543-4553. https://doi.org/10. 1109/TSG. 2018.
2863379

Heidari, A., Agelidis, V. G., & Kia, M. (2014). Considerations of sectionalizing switches in distribution
networks with distributed generation. IEEE Transactions on Power Delivery, 99(3). https://doi.org/10.
1109/TPWRD.2014.2385654

Bupasiri, R., Wattanapongsakorn, N., Hokierti, J., & Coit, D. (2012). Optimal electric power distribution
system reliability indices using binary programming. In Annual Reliability and Maintainability
Symposium (pp. 556-561).

Soudi, F., & Tomsovic, K. . Optimal trade-offs in distribution protection design. IEEE Transactions on
Power Delivery, 16(2), 292-296.

Tio, A. E. D. C, et al. (2012). A Binary Programming Model for Reliability Optimization Considering
Fuse-blow and Fuse-save Schemes. In IEEE Region 10 Conference.

Tarnate, W. R. D,, Cruz, I. B. N. C,, Malquisto, B. M., & del Mundo, R. D. (2012). Maximizing service
restoration in reliability optimization of radial distribution systems. In TENCON 2012 - 2012 IEEE
Region 10 Conference (pp. 1-6).

Tio, A. E. D. C, & Cruz, I. B. N. C. (2016) A binary formulation of SAIDI for the predictive reliability
assessment of radial distribution systems with tie lines.

de Carvalho, T. L. A, & Ferreira, N. R. (2018). Optimal allocation of distributed generation using ant
colony optimization in electrical distribution system. In 2018 Simposio Brasileiro de Sistemas Eletricos
(SBSE) (pp. 1-6). Niteroi, Brazil. https://doi.org/10.1109/SBSE.2018.8395672

Alam, A, Pant, V., & Das, B. (2016). Switch and recloser placement in distribution system considering
uncertainties in loads, failure rates and repair rates. Electric Power Systems Research, 140, 619-630.
https://doi.org/10.1016/j.epsr.2016.05.012

Prommee, W. Pongprapunt, N.,, & Ongsakul, W. (2011). Improved reliability model and optimal
protective device placement in microgrid by improved binary particle swarm optimization. In 8th
International Conference on Power Electronics - ECCE Asia (pp. 1514-1519).

Lakshminarayana, P., & Venkatesan, M. (2020). A multi-constrained binary ILP method for optimal
allocation of PMUs in network. SN Applied Sciences, 2(787). https://doi.org/10.1007/s42452-020-

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[357]


http://www.irjmets.com/

TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:06/Issue:07/July-2024 Impact Factor- 7.868 WWW.irjmets.com
2211-8
[27] Ahmed, M. M., & Imran, K. (2019). An Optimal PMU Placement Against N-1 Contingency of PMU Using

[28]

[29]

[44]

Integer Linear Programming Approach. In 2019 International Conference on Applied and Engineering
Mathematics (ICAEM) (pp. 127-132).

Younas, 1. (2014). Using genetic algorithms for large scale optimization of assignment, planning and
rescheduling problems (Doctoral thesis). Stockholm, Sweden: KTH Royal Institute of Technology.
Retrieved from https://www.diva-portal.org/smash/get/diva2:708381/FULLTEXTO01.pdf

Ajewole, T. 0., Balogun, A. B., Lawal, M. 0., Momoh, O. D., & Olawuyi, A. A. (2022). A Genetic Algorithm
Approach to Optimal Sizing and Placement of Distributed Generation on Nigerian Radial Feeders.
Department of Electrical and Electronic Engineering, Osun State University, Osogbo, Osun, NIGERIA
Manadhar, S. (2013). Reliability assessment of smart distribution system and analysis of automatic line
switches.

Mishra, R. K., & Swarup, K. S. (2014). Power system restoration in smart grid environment. In 2014
18th Natl. Power Syst. Conf. NPSC (p. 2015). doi: 10.1109/NPSC.2014.7103885.

Bradley, J. (2012). Optimal Pivot Selection for the Simplex Method. Department of Computer and
Mathematical Sciences, In Partial Fulfillment of Stat 4395-Senior Project.

Sun, X,, & Liu, H. (2015). Distribution system reliability assessment based on the improved Monte Carlo
method. (pp. 271-278).

Billinton, R., & Jonnavithula, S. . A Test System For Teaching Overall Power System Reliability
Assessment. [EEE Transactions on Power Systems, 11.

U. P. National Engineering Center. (2011). Optimal Placement of Sectionalizing & Switching Devices.
Distribution System Planning. Competency Training and Certification Program in Electric Power
Distribution System Engineering, U.P.

Canonizado, I. C. (2018, November 10). Input-process-Output model. Retrieved December 11, 2023,
from: https://discover.hubpages.com/education/IPOModel-of-Research.

Maccuspie, R., Hyman, H., Yakymyshyn, C., Srinivasan, S., Dhau, ]., & Drake, C. (2014). A framework for
identifying performance targets for sustainable nanomaterials. Sustainable Materials and Technologies,
1-2,17-25. https://doi.org/10.1016/j.susmat.2014.11.003

Roos, F.,, & Lindahl, S. . Distribution System Component Failure Rates and Repair Times - An Overview.
In Conference Record of the Nordic Distribution and Asset Management Conference.

GateVidYalay. Genetic Algorithm. Retrieved April 2024, from https://www.gatevidyalay.com/ tag/
flowchart-for-geneticalgorithm/? fbclid=IwZXhObgNhZWOCMTAAAR2URJHN dBsgbTKEXD_ixG4t t934
nHw_j5V9jk2G E1ilu2gNFXh8-01VAxQ_ aem_AWrRQY hfGTM w3p3R a6_P5Gm kRyXp 70g-yygiXy
BXMEoVcqOwj77Hbkobp3iAeWZ9MjhGjkc3VOHHznZVpgufrRrB

Pezzini, P., Bellmunt, O., Gonzalez-de-Miguel, C., & Sudri, A. (2015). Genetic algorithm approach in
FACTS devices location for the improvement of energy efficiency in distribution networks. Renewable
Energy and Power Quality Journal, 1, 10.24084 /repqj07.450.

Flanagan, D. (2020). JavaScript: The Definitive Guide (7th ed.). O'Reilly Media, Inc. ISBN:
9781491952023.

Michalewicz, Z. Genetic Algorithms + Data Structures = Evolution Programs (3rd ed.). Berlin, Heidel
berg: Springer.

PELCO II. (2024). April 2024 Rates Updates. Retrieved April 2024, from https://pelco2.com/services/
rates?fbclid=IwZXhObgNhZWO0CMTAAAR1jakfWfgye8G3deBDBH_yZy0ib9JoQXnLioamRaYpwkIKHDAd
4aYLvD8A_aem_Ab1jal9akcmjZ1511gG0OnlncaAYEXbrwDVFwKrt6S9LM7q37QwMDWO0aRpVYsvbyXDQ
BWtUbjHkS7290dktbclHjG

Almario, G. C. A, De Guzman, N. ]. A, Soriano, M. E. C,, & Tanarte, P. ]. M. (2018). Optimal protective
device selection scheme for radial distribution networks with distributed generation (DG) using binary
integer linear programming.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[358]


http://www.irjmets.com/

