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The paper demonstrates how the Catch Fish Optimization Algorithm (CFOA) can be applied to simultaneous Optimal Network
Reconfiguration (ONR) and optimal location of Distributed Generators (DGs) and Shunt Capacitors (SCs) to reduce Active Power Losses
(APL), maximize Voltage Profile (VP), and increase Distribution System (DS) stability. CFOA is modeled after the fishing pattern of the rural
fishermen and functions in two big events, namely exploration and exploitation. The exploration phase involves personal and group search
means founded on experience, intuition, and group tactics of fishing, whereas the exploitation phase aims at collecting around known fish
groups so as to come up with the best solutions. The analysis explores four methods of power loss mitigation and voltage augmentation network
reconfiguration: DG installation, SC installation, and concomitant ONR with the DG and SC location. When comparing and analyzing data,
it is evident that concurrent optimization of ONR, DGs, and SCs is far more effective in minimizing power losses and enhancing voltage
stability as compared to utilization of these individual techniques. The success of the suggested CFOA-based approach is confirmed using
IEEE 33-bus and 69-bus distribution test systems.

Distribution System, Power Losses, Improvement of voltages profile, Network Reconfiguration, Distributed Generation
installation, Catch fish optimization algorithm.

The main aim of modern power systems is to provide the customers with reliable and cost-effective supply of electricity.
The Distribution System (DS) is one of the critical components of the generation, transmission and distribution sector in the
deliverance of power to the final consumers. The DS has high Active Power Losses (APL) because of its low-voltage and high-
current nature and has a disadvantaged Voltage Profiles (VP) [1]. In order to solve the mentioned problems, such methods as
Optimal Network Reconfiguration (ONR), Distributed Generator (DG) location, and Shunt Capacitor (SC) deployment are
commonly employed. Most recent works center around ONR concurrent with DG or SC systems since the combined optimization
offers better methodologies at reducing the APL, enhancing VP and solution stability [2].

Network reconfiguration adjusts the network topology by exchanging switches open/closed status to obtain a radial
configuration that reduces power losses and enhances the voltage profile through meeting operational constraints. Recently, most
researchers have addressed network reconfiguration challenges and proposed various approaches to minimize losses and
maximize voltage profile and stability. So many researchers solved this challenge using novel meta-heuristic techniques like M.
Abdelaziz used Genetic Algorithm (GA) [3] with varying population size, R. Pegado et al. used Binary Particle Swarm
Optimization (BPSO) [4], T. Tran The used Chaotic Stochastic Fractal Search Algorithm (CSFSA) [5], T. T. Nguyen et al. used
Improved Coyote Optimization Algorithm (ICOA) [6], M. Cikan and B. Kekezoglu used Equilibrium Optimizer (EO) [7] to solve
optimal network reconfiguration.

The concept of the Distributed Generators (DGs) has gained relevance in the distribution systems of today because of its
capability to minimize the power losses and enhance the voltage profiles. In order to achieve maximum advantages, ideal sizing
and location of DGs should be figured out that do not interfere with the existing network structure. DG installation is thus an
urgent optimization challenge in distribution systems and scholars have used diverse metaheuristic algorithms to achieve viable
outputs, like J. Radosavljevic et al. used hybrid phasor PSO and gravitational search algorithm (HPPSOGSA) [8], G. Deb et al.
used Spider Monkey Optimization (SMO) [9], K. H. Truong et al. used Quasi-Oppositional Chaotic Symbiotic Organisms Search
(QOCSOS) [10], Z. Tan et al. used Swarm Moth Flame Optimization (SMFO) [11], to solve the ODG installation problem.

The installation of shunt capacitors is crucial in minimizing losses due to electricity and offering reactive power backup
during power distribution processes thus improving voltage profile. The economic value of optimal location and size of capacitors
in Radial Distribution Networks (RDNs) is large due to the minimization of the peak power and energy losses without
compromising on the level of voltages. Researchers have devised a variety of classical mathematical means and new metaheuristic
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Catch Fish Optimization Algorithm for Network Reconfiguration with Distributed Generator and Shunt Capacitor Installation
algorithms to question this optimization issue. Evolving techniques such as Das & Malakar used competitive swarm optimizer
(CSO) [12], Jayabarathi et al. used Hybrid Grey Wolf Optimizer (HGWO) [13], El-Ela et al. used Ant Colony Optimization
(ACO) [14], to solve the SC installation problem.

The available literature addresses the maximization of either network reconfiguration, placement of DGs, or installations
of SCs. Contrary, the current work explores concurrent network reconfiguration of DG and SC installation in order to have high
losses in power and better performing distribution systems. In the recent times, researchers and DS operators have used different
sophisticated metaheuristic algorithms to tackle this integrated optimization problem in an effective way. The DS’s operators and
researchers used many innovative meta-heuristic algorithms to solve this problem like Tolabi et al. used Thief and Police
Algorithm (TPA) [15], Biswal et al. used Quasi-Reflection-based Slime Mould Algorithm (QRSMA) [16], Shaheen et al. used
Artificial Ecosystem Optimizer (AEO) [17], Gallego et al. used a mixed-integer linear programming (MILP) [18] to solve
simultaneous network reconfiguration with DG and SC installation.

Recently, a human behavior-inspired metaheuristic algorithm, Catch Fish Optimization Algorithm (CFOA), has been
suggested [19]. The exploration and exploitation of the individuals and groups of fish with personal and group search methods
have been borrowed to CFOA modes of fishing. Simultaneous Optimal Network Reconfiguration (ONR) of the algorithm is
implemented on Distributed Generator (DG) and Shunt Capacitor (SC) installation with an aim of minimizing power losses and
enhancing the performance of distribution system functionality. The findings show that a loss reduction and simultaneous voltage
increase are more successful when CFOA is used as opposed to optimization of reconfiguration, DG, or SC installation.

The key contributions of this article were as follows: Section 2 outlines the problem statement which deals with
minimizing the power loss by simultaneous reconfiguring of the network with the installation of DG and SC. Section 3 defines
Catch Fish Optimization Algorithm (CFOA). In Section 4, the results of the simulation and the efficacy of CFOA to address the
simultaneous optimization problem are discussed. Lastly, Section 5 summarizes the work proposed.

Minimizing power losses is a key approach to improving distribution system performance. This article focuses on
simultaneous distribution system reconfiguration with optimal placement and sizing of DGs and SCs by considering switch status,
tie switches, and DG/SC locations and capacities. The objective is to minimize system losses under operational constraints. The
formal mathematical statement of the problem is as follows:
min OF = min(TPy) (1)
where TPy is the total system loss.
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Figure 1. Radial-feeder Single-line diagram.
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Fig. 1 [48] shows the single-line diagram of the radial feeder. The recursive equations below have been supplied to
determine the power flow [20]. The Newton-Raphson method with the MATPOWER software tool [21] can be used to power
flow.
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“where Ps and Qs are the real and reactive power flowing out of bus s, Prs+1 and QLs+1 are the real and reactive load
powers at bus s+1. The line section between buses s and s+1 has resistance Rs, s+1 and reactance Xs, s+1” [20].
The PL of the feeder is calculated by
(P§+QZ)
PLES, STD=R; Lon* ®)
The total PL of the feeder is calculated by
TP =X} P (s, s+1) ©)

System Constraints
The outcomes acquired by the proposed technique would be subjected to equality and inequality constraints to identify
the optimal solution.
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Equality Constraints
The balance between power demand and supply is given by

TP+ 009 Prg - oy PLy “TPLpg=0 (7
Psub and Ppg are the active power supplied by substation and DG, respectively; PLs is the total active power demand at bus,

TPLnpg, is the total APL in the presence of DG, Nbus is the number of buses. NDG is the total number of DGs.

Inequality Constraints
During the ONR, DG, and SC installation, and during the ONR, DG, and SC installation at the same time, system
constraints need to be met. The voltage inside all the system buses should be kept within lower and upper limits. It is not possible
to make current in a branch more than its rated capacity in the system. Such constraints can be expressed mathematically as
follows:
VminSVSVmax (8)
|Is |SIS, max (9)
where Vmin and Vmax are the lower and upper acceptable voltages for any bus in the system, Vmin is 0.9 and Vmax is
1.05 (p.u.). I is the s™ line current, Is, max is the maximum acceptable current through the line.

DG Limits

Arandom selection is used to attain the DG size, normalized between the minimum and maximum operational limitations.
In all case studies, the highest cumulative capacities of DGs (unity power factor) in the installation must not exceed the limits
specified in [13,16,19]: The minimum capacity of DG is limited to 0.2 MW, and the maximum added capacity of DG is limited
t0 2.69 MW.

SC Limits

The SC size is attained by a random selection that is normalized between minimum and maximum limits of operating. In
all the case studies, the maximum cumulative capacities of capacitor banks in the installation are not exceed the maximum
provided by [13,16]: Minimum capacity of SC is limited to 0.2 MVAr with the maximum added capacity of DG limited to 2.25
MVAr.

3.1 Initialization:
The Catch Fish Optimization Algorithm (CFOA) proposed in this paper draws inspiration from the traditional and
straightforward fishing method commonly employed in rural areas, known as ‘‘fishing in water bodies.”’

Fisher,, Fisher;, ... Fishery,
Fisher = Flsh'erll1 Flsflerll1 '3 Flsflerll1 (10)
Fisher,, Fisher;, =" Fisher, Nxd

Fisher is a comprehensive matrix of position information for N search agents in a space with dimension d, and its
initialization formula is as follows:
Fisher;; = (ub; — lb;) » 7 + lb; (11)
Fisher;; is the position of the it" fisherman in the j* dimension, ub; and ub; are the upper and lower bounds of the jth
dimension, and r is a random number between (0, 1).
Based on the current location information of each fisherman, we use the fitness value evaluation function fobj to calculate
their fitness values, and obtain the following fitness value matrix:

fity
- . . fitz
fit = fobj(Fisher) = | (12)
fity
The fit, in the fitness matrix represents the fitness value of the first fisherman, fit, represents the fitness value of the
second fisherman, and so on.

3.2 Exploration Phase (EFs/Max EFs<(.5)

The ecological benefit from both sides eventually moves towards that of fish to the fishermen as the hunt continues.
This change is marked by turbidity growth of water and reduction in fish visibility. The constant trapping of fish in the search
results in a reduction of the fish population, and consequent reduction in the fish trapping rate. Fishermen then switch over to
group largely based exploration, and individual benefits playing the secondary role. This shift in this trend is modeled with the

help of the capture rate parameter, which is referred to as a.
3XEFs
3XEFs )m

am (1o 2t
2XMaxEFs
EFs is the current number of evaluations, and MaxEFs is the maximum number of evaluations.

(13)
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3.2.1 Independent search (p < @)

The fishermen rely on own experience to determine the possible fish positions depending on the snowing on the surface
of water. The direction and location of search are changed depending on how the other fishermen perform in the capture. Local
exploration is conducted when the local condition and the reference condition are close to each other and when the reference
condition is optimal, the search is conducted toward that direction. Reverse search strategy is used when the personal capture
condition is favorable. The schematic diagram of this process is shown in Figure 1, and the formula of updating positions can be
expressed as follows:

_ fiti—fitj
Exp N fitmax—fitmin (14)
. EFs
R = Dis x \/]Exp] x (1 - Maprs) (15)
Fisher[** = Fisher]; + (Fisher[,; ; — Fisher[;) X Exp + 1, X s X R (16)
Here, Exp denotes the empirical analysis value between the it"fisherman and a reference fisherman (pos # i), ranging

from (—1,1). fitqand fit,are the worst and best fitness values at iteration T. F isher(Ti,j)and F isher(TifB represent the

fisherman’s positions before and after updating. 7;is a random number in (0’ 1), Dis is the Euclidean distance to the reference
fisherman, and s is a random unit vector. The search direction and exploration range Rare determined by Exp and the evaluation
number EFs, with R < Dis.

Figure 2 shows the exploration region centered on the fisherman, extending in both reference and reverse directions.
Overlapping circles form the brown exploration area.
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Figure 2: A 2D schematic diagram of independent search.

3.2.2 Group capture (p=a)

Fishermen form groups of 3—4 members to surround suspected fish locations. Their movements depend on individual
ability, teamwork, and environmental conditions. As fishermen gather, movement deviation decreases, enabling more precise
exploration. Figure 3 shows the schematic diagram, and the corresponding formula is given as follows:

Cenrer, = mean(Fisher[)

a7
2
Cenrer, = mean (FishercT,i,j + 1, X (Cenrer, — Fishergj)) + (1 - ;:T}f:s) X Iy (18)
Here, c represents a group of 3—4 fishermen, and Center,is the target point. Fishergcji,]-)and Fisher(TCin%Ddenote the

fisherman’s positions before and after updating. r, € (0,1)indicates movement speed toward the center, while r; € (—1,1)is the
movement offset that decreases with increasing EFs. The blue arrow in Figure 3 shows the movement direction and distance.

2.5 Exploitation phase (EFs/MaxEFs>(.5)
2.5.1 Collective capture

During the exploitation phase, fishermen cooperatively surround the fish population. Fishermen near the center capture
the main group, while those at the periphery catch escaping fish. This distribution is modeled using a Gaussian distribution, as
shown in Figure 4. The update formula is given as follows:

o= J(2(1-3)/((1-2) +1) (19)

Fisher™*! = Gbest 4+ GD (0’ r4><c><Imean(Fisher)—Gbestl) (20)

cij 3
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Here, GD is the Gaussian distribution function with mean p = 0, and variance odecreasing from 1 to 0 as evaluations
increase. Fisher[*1denotes the updated fisherman position, mean(Fisher)is the mean position matrix, and Gbest is the global
best position. r, € {1,2,3}distributes fishermen into three search ranges.

Fishermen(1)

Fishermen(2)
Fishermen(1)

Fishermen(3)
\

Fishermen(4) i S
Fishermen(3)

(1)Trio (2)Foursome

Figure 3: Schematic diagram of 3—4-person group search method.
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Figure 4: Schematic diagram of collective capture in 2 dimensions.

Network reconfiguration with DG & SC installation for 33 — 69 bus test systems used to prove the effectiveness and
robustness of the proposed CFOA. The distribution system’s total loss depends on the size and location of installed DG and SC,
so adding more DGs and SCs may be technologically or financially unfeasible. DG and SC become active networks and increase
network short-circuit levels if their ratings increase. For a fair and accurate comparison, this study restricts the number of DG
and SC to three only by the historical literature [19], [21], but the proposed approach works for any number of DG and SC. This
paper simulates all of the test systems to prove the efficacy and dominance of the proposed method, and the case studies are
Case 1: Base case, i.e., without network reconfiguration and DG & SC installation.

Case 2: Network reconfiguration only.
Case 3: DG & SC installation only.
Case 4: Network reconfiguration with DG & SC installation.

The parameters of the CFOA algorithm are the same as [46]. The maximum iterations are 500 for the 33 — 69 bus systems,
and the population size is 50 and 75 for the 33 — 69 bus systems based on problem difficulty and size. The test cases were
conducted 30 times during the simulation, and the results were consistent every time, with negligible variations among various
runs. MATLAB R2018a runs on a PC with 8 GB RAM and an 11th-gen Intel Core i5-11300H @ 3.10GHz processor.

33 Bus Systems
The test system data is the same as [19], [20], [22]; this system contains five ties and 32 sectional switches. The active
and reactive power demands and losses are 202.66 kW and 135.14 kVA, respectively, and the minimum voltage is 0.9131 (p.u.).
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Case Description LSHADE EpSin CFOA
TPLoss (kW) 202.66 202.66
Case 1 TQLoss (kVAr) 135.14 135.14
Vmin (p.u.) 0.9131, 18 0.9131, 18
Open Switches 7,9, 14, 32,37 7,9,14,32,37
TPLoss (kW) -- 139.55
TQLoss (kVAr) -- 102.31
Case 2 APLRI (%) -- 31.14
RPLRI (%) -- 24.30
VPI (%) -- 1.84
Vinin (p.-u.) 0.9378, 32 0.9378, 32
665 (14) 1891.586 (29)
Size in kW (Bus) 446 (25) 200 (10)
889 (30) 200 (200)
950 (3) 534.0183 (24)
Size in kVAr (Bus) 341 (14) 366.0979 (12)
1009 (30) 1099.8838 (30)
Case 3 TPLoss (kW) 19.37 18.88
TQross (kVAr) -- 15.62
APLRI (%) -- 90.68
RPLRI (%) -- 88.44
VPI (%) -- 9.43
Vinin (p-u.) 0.9863 (8) 0.9874 (8)
Open Switches 7,11,12, 17, 26 7,14, 15,26, 35
557 (15) 559.9, 11
Size in kW (Bus) 813 (25) 937.8,25
630 (32) 752.3,32
703 (3) 1152.8, 3
Size in kVAr (Bus) 399 (9) 318.4,13
Case 4 1198 (30) 1218.8, 30
TPLoss (kW) 15.63 14.12
TQLoss (kVAr) -- 10.19
APLRI (%) -- 93.03
RPLRI (%) -- 92.46
VPI (%) -- 9.71
Vmin (p.u.) 0.9891 (12) 0.9908, 16

Table 1: For 33 buses with different case studies.

The system network setup begins with the base case. The switches 33, 34, 35, 36, and 37 are opened, causing active (kW)
and reactive (kVAr) power losses and minimum voltage (p.u.) for load demand 202.66, 135.14, and 0.9131 at the 18-bus.

Case 2 deals only with network reconfiguration to attain the best switch states; the best switch states achieved are
presented in Table 1. Table 1 shows that the CFOA finds optimal open switches like (7, 9, 14, 32, and 37). Table 1 shows that real
(kW) and reactive (kVAr) power loss decreased to (139.55 and 102.31) for the load demand. Active and reactive power loss index
(%) are (31.14 and 24.30) load demand. Table 1 shows that minimum system voltage has grown dramatically for the load demand
as compared with LSHADE EpSin. The VPI obtained from CFOA is 1.84; these findings show that the CFOA effectively works
for optimum network reconfiguration.

In case 3, the system installs the optimal DGs and SCs to attain the optimal size and location of DGs and SCs; the obtained
optimal DGs and SCs sizes and locations are tabulated in Table 1. Table 1 shows that the CFOA finds the DGs optimal locations
for the load demand 29, 10, and 20 with real power injection capacities in kW 1891.586, 200, and 200. Table 1 shows that the
CFOA finds the SCs optimal locations for the load demand 30, 14, and 25 with reactive power injection capacities in kVAr
534.0183, 366.0979, and 1099.8838. Table 1 shows that active (kW) and reactive (kVAr) power loss decreases to 18.88 and 15.62
for the load demand, respectively. Active and reactive power loss indexes (%) are 90.68 and 88.44 for the load demand. Table 1
shows that minimum system voltage has grown dramatically at different load levels. The VPI obtained from CFOA is 9.43; these
findings display that the CFOA works effectively for optimum placement of DGs and SCs as compared with LSHADE EpSin.

In case 4, reconfiguration with DGs and SCs installation is performed simultaneously for the system to attain an optimal
state of switches, size, location of DGs and SCs; the achieved best switch states, size, and location of DGs and SCs are tabulated
in Table 1, and this table shows that the CFOA attained the best open switches for the load demand 7, 14, 15, 26, and 35 and the
optimal locations DGs for the load demand 11, 25, and 32 with real power injection capacities in kW 559.9, 937.8, and 752.3 for
the load demand and SCs for the load demand 3, 13, and 30 with reactive power injection capacities in kKVAr 1152.8, 318.4, and
1218.8. Table 2 shows that power loss decreases for real (kW) and reactive (kVAr) loading conditions by 14.12 and 10.19 for the
load demand. Active and reactive power loss indexes (%) are 93.03 and 92.46 for the load demand. Table 2 shows that minimum
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system voltage has grown dramatically at different load levels. The VPI obtained from CFOA is 9.71; these findings show that
the CFOA effectively works for optimum network reconfiguration as compared with LSHADE EpSin.
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Figure 5. CFOA obtains the bus voltage of 33-bus for the given load demand in all cases.

69 Bus Systems

The test system data is taken at [19], [20], [22]; this system contains five ties and 68 sectional switches. The active and
reactive power demands and losses are 225 kW and 102.16 kVAr, respectively, and the minimum voltage is 0.9092 (p.u.).

System network setup begins with the base case; then, switches 69, 70, 71, 72, and 73 are opened, causing active (kW)
and reactive (kVAr) power losses and minimum voltage (p.u.) for the load demand 225, 102.16, 0.9092 at 65-bus.

Case 2 deals only with network reconfiguration to attain the best switch states, tabulated in Table 2. Table 3 shows that
the CFOA finds optimal open switches for the load demand 14, 56, 61, 69, and 70. Table 2 shows that real (kW) and reactive
(kVAr) power loss decreased to 98.60 and 92.05 for the load demand. Active and reactive power loss index (%) are 56.18 and 9.9
for the load demand, respectively. Table 3 shows that minimum system voltage has grown dramatically at different load levels.
The VPI obtained from CFOA is 3.11; these findings show that the CFOA effectively works for optimum network reconfiguration.

In case 3, the system installs the optimal DGs and SCs to attain the optimal size and location of DGs and SCs; the obtained
optimal DGs and SCs sizes and locations are tabulated in Table 2. Table 2 shows that the CFOA finds the DGs optimal locations
for the load demand 21, 66, and 61 with real power injection capacities in kW 439.2, 200, and 1610.8. Table 2 shows that the
CFOA finds the SCs optimal locations for the load demand 12, 61, and 5 with reactive power injection capacities in kVAr 522,
1203.1, and 964.9. Table 2 shows that active (kW) and reactive (kVAr) power loss decreases to 5.41 and 7.39 for the load demand,
respectively. Active and reactive power loss indexes (%) are 97.59 and 92.77 for the load demand. Table 2 shows that minimum
system voltage has grown dramatically at different load levels. The VPI obtained from CFOA is 8.68; these findings display that
the CFOA works effectively for optimum placement of DGs and SCs as compared with LSHADE EpSin.
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Figure 6. CFOA obtains the bus voltage of 69-bus for the given load demand in all cases.

In case 4, reconfiguration with DGs and SCs installation is performed simultaneously for the system to attain an optimal
state of switches, size, location of DGs and SCs; the achieved best switch states, size, and location of DGs and SCs are tabulated
in Table 2, and this table shows that the CFOA attained the best open switches for the load demand 13, 16, 55, 69, and 73 and the
optimal locations DGs for the load demand 21, 12, and 61 with real power injection capacities in kW 302.3, 310.1, and 1637.6
for the load demand and SCs for the load demand 61, 12, and 5 with reactive power injection capacities in kVAr 1245.1, 509.3,
and 935.5. Table 2 shows that power loss decreases for real (kW) and reactive (kVAr) loading conditions by 4.31 and 6.45 for the
load demand. Active and reactive power loss indexes (%) are 97.99 and 93.71 for the load demand. Table 2 shows that minimum
system voltage has grown dramatically at different load levels. The VPI obtained from CFOA is 8.98; these findings show that
the CFOA effectively works for optimum network reconfiguration with DGs and SCs installation as compared with LSHADE
EpSin.
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Case Description LSHADE EpSin CFOA
TPLoss (kW) 225.00 225.00
Case 1 TQLoss (kVAr) 102.16 102.16
Vmin (p.u.) 0.9092, 65 0.9092, 65
Open Switches 14, 55, 61, 69, 70 14, 56, 61, 69, 70
TPLoss (kW) 98.60 98.60
TQLoss (kVAr) -- 92.05
Case 2 APLRI (%) -- 56.18
RPLRI (%) -- 9.90
VPI (%) -- 3.11
Vinin (p-u.) 0.9495 (61) 0.9495, 61
310 (12) 439.2 (21)
Size in kW (Bus) 313 (21) 200 (66)
1627 (61) 1610.8 (61)
582 (12) 522 (12)
Size in kVAr (Bus) 881 (49) 1203.1 (61)
1227 (61) 964.9 (5)
Case 3 TPpLoss (KW) 5.81 5.41
TQross (kVAr) -- 7.39
APLRI (%) - 97.59
RPLRI (%) -- 92.77
VPI (%) -- 8.68
Vinin (p-u.) 0.9943 (65) 0.9945 (64)
Open Switches 7,11,12,17,26 13,16, 55,69, 73
394 (12) 302.3 (21)
Size in kW (Bus) 200 (21) 310.1 (12)
1656 (61) 1637.6 (61)
528 (12) 1245.1 (61)
Size in kVAr (Bus) 934 (49) 509.3 (12)
Case 4 1228 (61) 935.5(5)
TPLoss (kW) 4.82 431
TQLoss (kVAr) -- 6.45
APLRI (%) -- 97.99
RPLRI (%) -- 93.71
VPI (%) -- 8.98
Vmin (p.u.) 0.9956 (17) 0.9960, (65)

Table 2: For 69 buses with different case studies.

This article provides an efficient implementation of CFOA for simultaneous ONR with DG and SC installation. The
power losses were reduced using ONR, DG and SC installation, and then the simultaneous ONR with DG and SC installation.
Among these four ways, simultaneous ONR with DG and SC installation was better at lowering power losses and raising the VP.
In the case of simultaneous ONR with DG and SC installation for a given load demand, the CFOA found the best solution, which
reduced power loss by 93.03% for 33 bus systems and 5.31% for 69 bus systems. It improved the minimum voltage to 0.9908 for
16 bus systems and 0.9925 for 69 bus systems. The investigation also showed that the CFOA is the most reliable and efficient
technique for simultaneous ONR with DG and SC installation of both test systems. The optimal solutions found by the CFOA
also had a better VP and the lowermost PL than those found by the FDA and OFDA approaches. The CFOA can be an excellent
way to deal with ONR, ODG installation, or simultaneous ONR with DG and SC installation.
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