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 Radial distribution networks (RDNs) often experience power loss due to 

improper distribution generation (DG) allocation. Strategic DG placement can 

reduce power loss, minimize costs, and improve voltage profiles and stability. 

This research optimizes DG placement and sizing in RDNs using the cuckoo 

search algorithm (CSA). The objective function considers losses across all 

network branches, and CSA identifies optimal DG locations and sizes. Tested 

on IEEE 33-bus, IEEE 69-bus, and Nigeria's Imalefalafia 32-bus RDN, the 

Cuckoo Search technique results in optimal DG locations at buses 6, 50, and 

18 with corresponding sizes of 2.4576, 1.852, and 2.718 MW, respectively. 

Voltage improvements are 0.9509, 0.9817, and 0.9821 p.u, while total active 

and reactive power losses for IEEE 33-bus are reduced by 49.03% and 

45.00%, and for IEEE 69-bus by 63.67% and 61.14%. The CSA approach 

significantly enhances voltage profiles and reduces power losses in these 

networks. 
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1. INTRODUCTION  

The efficiency of radial distribution networks (RDNs) is significantly hampered by active power 

losses occurring across all branches [1]. These losses stem primarily from a high resistance-to-reactance ratio 

in distribution branches, exacerbated by increasing load demand [2]. To mitigate these losses and enhance 

network efficiency, researchers have implemented diverse techniques, including deploying capacitors, 

reconfiguring the network, and integrating distribution static synchronous compensators [3], [4]. However, 

among these approaches, deploying distribution generators (DGs) has emerged as the most effective. DGs offer 

the unique capability to contribute both active and reactive power to distribution networks [5]. Notably, type 1 

DGs provide these advantages without generating harmful emissions, contributing to environmental 

sustainability [6]. Yet, optimal planning of DGs is essential to harnessing the full benefits of their deployment 

in distribution networks. The strategic determination of DG locations and sizes is crucial [7]. Poor planning 

can adversely affect network functionality. Various planning methods for DGs have surfaced, often utilizing 

optimization techniques due to the complexity inherent in the configuration of distribution networks with 

multiple buses and branches [8]. The optimization problems associated with DG planning involve formulating 

an objective function aimed at minimizing the active power losses and reactive power compensation subject to 

the operating constraints while adhering to network constraints in RDNs. Solving these problems yields optimal 

DG locations and sizes, ensuring smooth and efficient RDNs operation [9]–[12]. For voltage profile and voltage 
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stability index improvement, power factor correction, power quality improvement, and a decrease in total 

voltage harmonic distortion (THD), DG must be positioned correctly in RDN [13].  

The literature has documented a variety of optimization techniques, especially metaheuristic 

approaches, for the purpose of properly sizing and positioning DG in distribution networks. The goal is to 

lower the total active power loss in the networks while simultaneously improving their voltage profiles, which 

will increase their efficiency [14]–[16]. Reddy et al. [17] used the whale optimization algorithm (WOA) to 

determine where DGs should be placed in distribution networks in order to minimize power losses, improve 

voltage profiles, and increase system dependability. Applying WOA to several IEEE test systems, such as 15-

bus, 33-bus, 69-bus, and 85-bus configurations, was motivated by the distinctive hunting behavior of humpback 

whales. Comparative analyses were performed, comparing WOA to several DGs and evolutionary algorithms. 

The findings showed that WOA and the index vector methods performed better than other strategies, 

particularly when contrasted with the voltage sensitivity index method. Notably, the study discovered that Type 

III DGs running at a power factor of 0.9 produced the best results. Understanding the limits of analytical 

approaches when dealing with numerous DG placements, Kansal et al. [18] employed a hybrid strategy in their 

work to address the best placement of several DGs. The goal of the study was to minimize the objective function 

under operating restrictions by integrating analytical techniques for DG size with a PSO-based strategy for 

identifying ideal sites. The suggested method showed gains in the bus voltage profile and DGs' ideal power 

factor. The efficiency of the hybrid approach on 33-bus and 69-bus test systems was demonstrated by 

comparisons with particle swarm optimization (PSO) and current fast improved analytical (IA) techniques. In 

radial distribution systems, Bayat and Bagheri [19] suggested a novel heuristic approach for the best placement 

of DG and capacitor banks. DG units and capacitor banks were sited and sized using this method, which was 

based on simple formulations and mathematical calculations, in a variety of bus systems, such as 33-bus, 69-

bus, and 119-bus networks. The effectiveness and resilience of the suggested heuristic approach were shown 

by comparative studies with algorithms from more contemporary techniques, demonstrating its superior 

performance, speed, and suitability for large distribution networks. 

An innovative method was employed by Aman et al. [20], who concentrated on the best simultaneous 

placement and sizing of many DGs to optimize system load-ability while respecting system limitations 

including voltage magnitudes, line limits, and DG penetration level. The work introduces the hybrid particle 

swarm optimization (HPSO) algorithm, which prioritizes minimizing power losses and optimizing system load-

ability when determining the optimal solution. The effectiveness of the proposed method was evaluated with test 

systems for radial distribution with 16, 33, and 69 buses. Furthermore, the authors compared the proposed 

approach with the existing Ettehadi method, demonstrating its superiority in terms of reducing power losses, 

maximizing system load-ability, and improving voltage quality. In an effort to reduce power loss in distribution 

networks, Mahmoud et al. [21] suggested the best installation plan for a number of DG technologies using an 

efficient analytical (EA) technique. The process maximized the power factors of several types of DGs, expanding 

its use to include the distribution of an ideal mixture of different DG types with different generation capacities. 

Additionally, a novel approach called EA-OPF was developed by combining the EA method with the optimal 

power flow (OPF) algorithm. This approach effectively managed overall system limitations. Through testing on 

distribution test systems with 33 and 69 buses, the efficacy of these techniques was shown. The computed results 

were compared to the simulated results from a comprehensive OPF algorithm for both distribution test systems 

in order to verify the findings. The outcomes demonstrated that the proposed methods outperformed the state-of-

the-art techniques in terms of accuracy and computation speed. Ali et al. [22] optimized the positioning and size 

of DG units in RDNs using the ant lion optimizer (ALO). In particular, 33 and 69 standard bus systems used 

photovoltaic (PV) cells as DG units with the goal of lowering overall active losses and improving the voltage 

profile of every bus system. This multi-pronged strategy made use of renewable resources, which enhanced RDN 

performance and led to greener energy generation. Using numerical comparisons with other optimization 

methods, the study verified the superiority and efficacy of the suggested ALO algorithm. 

Selim et al. [23] employed a novel strategy that blended analytical and metaheuristic algorithms for 

the best DG allocation in radial distribution systems (RDS). The approach used the loss sensitivity factor (LSF) 

to narrow down the search area for DG placements and an analytical method for determining initial DG sizes 

using mathematical formulations. The optimal DG allocation was then ascertained by use of a metaheuristic 

sine cosine algorithm (SCA), which employed the LSF and analytical methods instead of random initialization. 

In the IEEE 33-bus and 69-bus standard RDSs, the suggested hybrid method showed improved convergence 

and greater performance. The efficacy of the suggested strategy to effectively distribute several DGs within 

RDS was demonstrated by comparison with other optimization techniques and regular SCA. The grey wolf 

optimizer (GWO) was used by El-Sayed et al. [24] to solve the problems associated with DG unit integration 

into distribution systems. This novel method sought to enhance voltage profiles and lower active power losses 

in radial distribution networks by optimizing the location, size, and quantity of DG units. Through a comparison 

analysis between GWO and the genetic algorithm (GA) optimization approach, the study proved the superior 
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effectiveness of the proposed GWO strategy. The study concentrated on performance evaluations for IEEE  

33-bus and 69-bus test radial distribution systems. Nowdeh et al. [25] used a novel approach that used renewable 

energy sources, specifically solar panels (PVs) and wind turbines (WTs), to address loss reduction and enhance 

the reliability of radial distribution networks. The authors introduced a new optimization technique known as the 

multi objective hybrid teaching learning-based optimization-grey wolf optimizer (MOHTLBOGWO) that 

employs a fuzzy decision-making approach. The proposed method was evaluated on the IEEE 33-bus and 69-bus 

radial distribution networks using both single-objective and multi-objective optimization techniques. The findings 

showed that multi-objective optimization offers a more accurate approach that considers all objective indices 

when compared to single-objective approaches. Additionally, the results demonstrate the effectiveness of the 

suggested approach in lowering losses, improving reliability, raising net savings, and surpassing earlier research, 

demonstrating its superior performance over conventional optimization strategies like TLBO and GWO.   

Hung and Mithulananthan [26] tackled the problem of positioning several DG units for a notable loss 

reduction in extensive primary distribution networks in a novel way. Using improved analytical (IA) 

expressions, their method calculates the ideal size of various DG kinds and identifies the best places for 

allocation. Additionally, the study outlines novel methods for determining the optimal power factor in DG that 

can provide both reactive and real power, including exhaustive load flow (ELF) and loss sensitivity factor 

(LSF). The IA approach outperformed solutions derived from the LSF and ELF approaches, proving their 

efficacy through extensive testing on three different distribution test systems. El-Fergany [27] used a newly 

developed swarm optimization technique called the backtracking search optimization algorithm (BSOA) to 

distribute DGs in radial distribution networks. BSOA was used to improve voltage profiles and reduce network 

actual loss in an effort to increase operational efficiency. It is notable for having just one control parameter and 

being insensitive to beginning values. Additionally, power factor optimization and decreased network reactive 

power loss were the goals of the objective function, which included a weighting factor. The initial DG 

placements were determined using fuzzy expert algorithms that used bus voltages and loss sensitivity factors. 

This approach addressed the limitations of loss-sensitivity variables and helped determine the ultimate 

placement of DGs. The study looked at two different kinds of DGs and validated the proposed approach on a 

variety of radial distribution networks with different sizes and levels of complexity. Kashyap et al. [28] 

optimized the distribution of DG in radial distribution systems using a GA. The primary goals were to minimize 

active power losses and keep voltage profiles within predetermined bounds. The IEEE 33-bus and 69-bus 

systems were tested to assess the efficacy of the strategy.  

Most of the reviewed works in this study only addressed distribution network issues such as voltage 

stability, voltage control, power flow control, power quality improvement, transient and dynamic control, reactive 

power control, losses reduction, and current control using different Meta-Heuristic optimization techniques. 

Congestion, line losses, voltage fluctuation, and system running expenses in RDNs persisted despite these 

methods' inability to considerably lower power losses or enhance the voltage profile. Because of these limitations, 

this work uses cuckoo search algorithm (CSA) as an optimization technique to determine the ideal location and 

dimensions of DG on the IEEE 33-bus and IEEE 69-bus test systems, which are industry standards. In the same 

way, on the useful Nigerian Imalefalafia 32-bus RDN. 

The application of CSA to the ideal size and positioning of DGs is still poorly understood, despite the 

fact that it has proven to be robust in solving optimization challenges. The ability of CSA to handle DG 

allocation in radial distribution networks is used in this work. A realistic Nigerian radial distribution system 

and two common IEEE test systems were used as test cases. CSA and other published optimization techniques 

were compared using IEEE 33-bus and IEEE 69-bus systems. The use of CSA to address DG allocation 

problems in radial distribution networks is what makes this study novel. 

This paper has made the following contributions: 

− Development of CSA for DG placement and sizing: introduction of a comprehensive CSA tailored 

specifically for the optimal placement and sizing of DG within radial distribution networks. 

− Application across varied network models: implementation and testing of the CSA approach across diverse 

radial distribution network models, including IEEE 33-bus, IEEE 69-bus, and practical distribution 

networks like the Nigerian Imalefalafia 32-bus system. 

− Enhanced network performance metrics: enhancement of voltage profiles in the radial distribution networks 

and reduction of actual and reactive power losses lead to an improvement in network performance measures. 

− Comparison against existing optimization techniques: comparative analysis conducted to contrast the 

effectiveness and superiority of the CSA approach against established optimization methods prevalent in 

current literature. 

− Demonstrated superiority in allocation: evidence showcasing the CSA's superior ability in efficiently 

allocating DG within radial distribution systems, as substantiated by its enhanced performance in reducing 

power losses and optimizing voltage profiles. 
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− Advancements in optimal solutions: demonstrated capability of the CSA approach to consistently identify 

and offer more optimal solutions for DG placement and sizing, particularly highlighted by its proficiency 

in handling both active and reactive power loss considerations. 

Collectively, these contributions enhance the body of knowledge in power system optimization 

approaches by advancing the comprehension and implementation of the CSA for optimal DG location and 

sizing inside radial distribution networks. The framework for the best DG location and sizing in radial 

distribution networks is described in depth in the following sections of the article. The approach to problem 

formulation is presented in section 2, with a focus on the use of the CSA optimization technique. The results 

and discussion from several network models, evaluating real and reactive power losses and voltage profile 

enhancements, are presented in section 3. The effectiveness of CSA and its wider ramifications are highlighted 

in section 4, which also offers recommendations for future study directions for the best way to allocate DG in 

radial distribution networks. 

 

 

2. METHODOLOGY 

This section's goal is to determine the distribution power losses and DG sizing in order to improve the 

voltage profile. 

 

2.1.  Objective function 

The goal of the objective function presented in this research is to reduce actual power losses while 

tackling the distribution network challenge of DG installation and sizing. This objective function is computed 

as (1) 

 

𝐹 = 𝑃𝐿 = ∑ 𝑅𝑖
𝑁𝑏𝑟
𝑖=1 |𝐼𝑖|

2 (1) 

 

where, Ri and Ii are real current and resistance of the 𝑖𝑡ℎ branch, respectively. 𝑁𝑏𝑟 is the quantity of branches. 

a. Constraints 
Inequality and equality constraints are itemized. The bus voltage limits are inscribed as: 

b. Restricted voltage amplitudes at the bus 
 

𝑉𝑚𝑖𝑛 ≤ 𝑉𝑖  ≤ 𝑉𝑚𝑎𝑥 (2) 
 

where 𝑉𝑚𝑖𝑛 and 𝑉𝑚𝑎𝑥  are the bus voltage amplitudes' lowest and maximum values, respectively. 

c. Power limits of DG 
 

𝑃𝐷𝐺𝑖
𝑚𝑖𝑛 ≤ 𝑃𝐷𝐺𝑖  ≤ 𝑃𝐷𝐺𝑖

𝑚𝑎𝑥 (3) 
 

where Pi is the DG components injected active power at the 𝑖𝑡ℎ bus. 

d. Power balance constraints 
 

∑ 𝑃𝐷𝐺𝑖
𝑁𝑠𝑐
𝑖=1 = ∑ 𝑃𝐷𝑖

𝑁𝑠𝑐
𝑖=1 + 𝑃𝐿   (4) 

 

where 𝑁𝑠𝑐 is the sum of all the sections, PL is the system's actual power loss, 𝑃𝐷𝐺𝑖  is where the bus at 𝑖, generates 

the actual power 𝑖, 𝑃𝐷𝑖 is the bus's 𝑖, electricity demand. 
 

2.2.  Cuckoo search algorithm 

Cuckoos are fascinating birds of prey, attractive in part because of their aggressive methods of 

reproduction as well as their melodic vocalizations. Some species, such as the Guira and Ani cuckoos, use 

communal nests where they lay their eggs. In order to increase the likelihood that their own eggs will hatch, 

they occasionally move the eggs of other species. Numerous species of cuckoo engage in obligatory brood 

parasitism, whereby they lay their eggs in the nests of other host birds, frequently belonging to distinct species 

[29]. Three main manifestations of this phenomenon can be distinguished: nest takeover, cooperative breeding, 

and intraspecific brood parasitism. Sometimes host birds confront invasive cuckoos head-on; they may destroy 

the foreign eggs or leave their nest to build a new one elsewhere if they find eggs that are not their own. The 

New World brood-parasitic Tapera is one of the cuckoo species that have evolved to the point where female 

parasitic cuckoos are skilled at mimicking the color and pattern of the eggs of specific host species. Their 

reproductive success is eventually increased by this specialization, which lowers the possibility that their eggs 

will be rejected. Furthermore, several species deposit their eggs at remarkably odd times. Cuckoo parasites 

frequently choose nest sites where the host bird has just produced eggs. In general, cuckoo eggs hatch a little 
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bit before those of their hosts. When a cuckoo chick hatches, its initial inclination is to kick its host bird's eggs 

out of the nest so it may get more of the food it provides. Research has also shown that cuckoo chicks may 

imitate their host chicks' sounds in order to increase their chances of finding food. Three streamlined guidelines 

are used to provide a concise explanation of the new Cuckoo Search method: There are a certain number of 

host nests, and a host bird has a probability of identifying a cuckoo's egg that falls between 0 and 1. (2) Future 

generations inherit nests that produce eggs of the highest caliber. (3) One egg is laid by each cuckoo at a time, 

and it is deposited in a nest at random. In this case, the host bird has two options: either throw away the egg or 

leave the nest and build a new one. To simplify, this last assumption roughly says that a percentage pa of the 

total number of nests are replaced by new nests, each with a fresh set of random solutions. When dealing with 

a maximizing problem, the value of the objective function may be directly correlated with the fitness of a 

solution. Fitness functions that mimic genetic algorithms can be created. In this simplistic illustration, each egg 

in a nest represents a solution, and a cuckoo's egg represents a potential new solution. The idea is to swap out 

subpar solutions (cuckoos) for possibly better ones in the nests. The focus is on a simpler model where each 

nest contains just one egg, although this approach can be expanded to scenarios where each nest contains many 

eggs, indicating a collection of solutions. In accordance with these guidelines, Table 1 presents the basic stages 

of the CSA technique together with the supplied pseudocode [30]. 

 

 

Table 1. Pseudo code of the CSA via Lévy flights 

start 

   Function of interest f(x), where x=(x1…...xd) T 
   create the initial population of  

   n host nests xi (i=1, 2.......n)  

while Assuming t < MaxGeneration, or (stop condition) 
   Receive a random cuckoo via Lévy flights 

   Analyze its suitability and quality Fi 

   Select at random one of the n nests (let's say, j); 
   if (Fi > Fj),  

replace j with the new answer;  

end 
  A portion (pa) of the worst nests  

are abandoned and replaced with new ones; 

  Hold onto the best solutions 
or nests containing high-quality solutions;       

  Prioritize the solutions and choose the best one at the moment, 

 end while 
  Postprocess the data and visualize the outcome. 
end 

 

 

When coming up with new solutions, denoted as 𝑥(𝑡+1)for a cuckoo 𝑖, a Lévy flight is executed. 

 

𝑥𝑖
(𝑡+1) = 𝑥𝑖

(𝑡) + 𝛼 ⊕ Levy(𝜆)  (5) 

 

In this context, α, where α > 0, represents the step size, a parameter linked to the problem’s scales of interest. 

Typically, α=1 suffices for most cases. In essence, the given equation describes a stochastic equation for a 

random walk. Random walks frequently operate as Markov chains, where the transition probability (the second 

term) and the current location (the first component of the equation) are the sole factors influencing the future 

position. The symbol ⊕ signifies element-wise multiplication, a concept akin to those employed in PSO. 

However, because of its significantly greater step length over time, the random walk employing Lévy flight 

works better in this situation for searching the search space. Lévy flight introduces a random walk where the 

step length is derived from a Lévy distribution. 

 

Levy ∼ 𝑢 = 𝑡−𝜆,    (1 < 𝜆 ≤ 3) (6) 

 

Algorithm 1. Proposed methodology 

Step 1: Initialize the population: 

− Generate an initial population of cuckoos representing potential solutions. 

− Assign random positions and sizes for the DG unit within the feasible range. 

Step 2: Evaluate fitness: 

− Determine the overall power loss in the distribution network to assess each cuckoo solution's fitness. 

− As the objective function, use the total power loss to gauge fitness. 
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Step 3: Sort the population: 

− In ascending order, arrange the cuckoo solutions according to their fitness levels. 

− The cuckoos with lower power loss (better fitness) should be positioned towards the beginning of the 

sorted list. 

Step 4: Generate new solutions: 

− Create new solutions (cuckoos) by executing Levy flights or random walks in the solution space. 

− The limitations on the DG unit's position and size should be upheld by the Levy flights or random walk. 

Step 6: Evaluate new solutions and update the population: 

− Determine the overall power loss to assess the suitability of the new options. 

− Replace the least-fit cuckoos in the population with new solutions that have better fitness. 

− Retain the sorted order of the population. 

Step 7: Perform nest destruction and egg laying: 

− Randomly select a few cuckoos (nests) from the population. 

− Replace their solutions (eggs) with new random solutions within the feasible range. 

Step 8: Evaluate new solutions and update the population: 

− Evaluate the fitness of the new solutions resulting from nest destruction and egg laying. 

− Replace the least-fit cuckoos in the population with new solutions. 

− Retain the sorted order of the population. 

Step 9: Verify the condition of termination: 

− Check to see if the termination condition—such as the maximum number of iterations reached or the 

desired accuracy of the solution attained—has been satisfied. 

− If the termination condition is satisfied, move on to Step 9. If not, return to Step 4. 

Step 10: Output the optimal solution: 

− Select the cuckoo with the highest fitness (lowest power loss) as the best choice. 

− Using the best option, determine the DG unit's position and dimensions. 

The algorithm of the proposed method is illustrated in the flowchart as shown in Figure 1. 
 

 
Start

A cuckoo randomly generated by 

levylights

Perform power flow and

evaluate fitness by calculating 

total power loss

Arrange solutions based on the 

fitness in ascending order

Generate new solutions via 

levyflights

Evaluate fitness for new

solutions and replace unfit 

solutions with better ones

Randomly select nests and 

replace their solutions

Do the termination 

conditions met?

Select best fitness solution

as optimal

End

Generate initial popupaltion with 

random DG positions and sizes

No

Yes

 
 

Figure 1. Flowchart of the proposed CSA optimization method 
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3. RESULTS AND DISCUSSION 

The methodology proposed for optimal placement and sizing of DG underwent implementation in 

MATLAB and was subjected to extensive testing across multiple systems. This section highlights and 

deliberates upon the test outcomes from three distinct distribution systems. DG was assigned a power factor of 

one (1). The optimization process employed a CSA program designed specifically for simulating the optimal 

placement and sizing of DG within radial distribution systems. Table 2 provides detailed parameters of the 

applied CSA technique used to solve the problems in this research. 

 

 

Table 2. CSA parameters for simulation 
CSA parameters Values 

Number of host nests (n) 30 

Maximum number of iterations 200 
Probability index (Pa) 0.25 

 

 

3.1.  Radial distribution system with IEEE 33-bus 

The radial structure of the first system, shown in Figure 2, consists of 32 branches and 33 buses, with 

a combined capacity of 2.295 MVAr and 3.715 MW. Reactive power losses total 102.751 kVAr, but the 

system's total real power loss, as determined by the backward/forward load flow technique, is 201.58 kW.  

Table 3 displays the results pertaining to the best positioning and dimensions of DG, together with the 

convergence pattern depicted in Figure 3. Figure 4 shows the voltage profile along the radial distribution 

network of IEEE 33-bus. Prior to DG installation, bus 18 showed a low voltage level of 0.9134 p.u., which 

significantly increased to 0.9505 p.u. after installation. Furthermore, significant improvements in voltage levels 

were noted for every network bus. The comparison of real and reactive power losses across branches before 

and after DG installation is shown in Figures 5 and 6, respectively. The results show a notable decrease in 

overall real power loss after DG installation. 

 

 

2
4

3 41

2
3

2 5 6 7 8 9 1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

2
5

1
9

2
0

2
1

2
2 2
6

2
7

2
8

2
9

3
0

3
1

3
2

3
3

 
 

Figure 2. IEEE 33-bus network 

 

 

Table 3. Optimization Results for IEEE 33-bus network 
Optimization parameters Values 

Optimal DG Location 6 

Optimal DG Size 2.4576 
Objective Function Value (Minimized Total Power Loss in kW) 102.75 

 

 

3.2.  Radial distribution system with IEEE 69-bus 

A total load of 3.80 MW and 2.70 MVAr is supported by the 69-bus radial distribution system, which 

has seven lateral lines and is shown in Figure 7. The optimization results are shown in Table 4, which reveals 

the optimal location and size of the DG. Figure 8 illustrates the convergence properties of the CSA method and 

shows its evolution. Figure 9 illustrates the network's voltage profile before and after DG integration in a 

thorough performance investigation. The network's voltage profile significantly improved after installation, 

with the minimum voltage at bus 54 rising from 0.9102 p.u. to 0.9817 p.u. Additionally, Figure 10 derived the 

thorough analysis that shows a significant decrease in actual power losses across the network. In the same way, 

Figure 11 compares the reactive power losses across network branches. The positive effects of optimally 
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distributed DG through the suggested CSA optimization technique are demonstrated in both figures, 

particularly the decrease in actual and reactive power losses throughout the network. This demonstrates how 

well the suggested CSA algorithm works to optimize DG location and sizing, greatly improving network 

performance as a whole. 

 

 

 
 

Figure 3. Objective function convergence curve 

 

 

 
 

Figure 4. Voltage profile comparison for pre- and post DG installation 

 

 

 
 

Figure 5. IEEE 33-bus branch real power losses 
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Figure 6. IEEE 33-bus branch reactive power losses 

 

 

 
 

Figure 7. IEEE 69-bus network 

 

 

Table 4. Results of optimization for the IEEE 69-bus network 
Optimization parameters Values 

Optimal DG location 50 
Optimal DG Size 1.852 

Objective Function Value (Minimized Total Power Loss in kW) 81.593 

 

 

 
 

Figure 8. Objective function curve 
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Figure 9. Voltage profile comparison for pre- and post DG installation 

 

 

 
 

Figure 10. IEEE 69-bus branch real power losses 

 

 

 
 

Figure 11. IEEE 69-bus branch reactive power losses 

 

 

3.2.1. Imalefalafia 32-bus radial distribution system 

Figure 12 shows the Imalefalafia, a functional 32-bus radial distribution network operated by the 

Ibadan Electricity Distribution Company (IBEDC) in Ibadan, Nigeria. The line and bus data for this network 

were obtained from [31], [32]. It has 31 branches and 32 buses. Its reactive and actual loads are 1.04 MVAr 
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and 3.17 MW, respectively. Using backward/forward load flow techniques, power flow analysis revealed that 

the network's total active and reactive power losses were 95.068 kW and 163.673 kVAr, respectively. Table 5 

presents the optimization results obtained using the suggested CSA optimization method, together with the 

convergence curve displayed in Figure 13. Furthermore, the network's voltage profile before and after DG 

installation is shown in Figure 14. This demonstrates how the suggested CSA optimization technique can 

effectively allocate DG units inside radial distribution networks in order to improve performance. An obvious 

improvement in the voltage profile in Figure 14 indicates a significant improvement in the network's overall 

performance following DG installation. Following DG installation, the minimum voltage magnitude increased 

from 0.9524 p.u. before to 0.9821 p.u. Likewise, all network buses experienced an overall rise in voltage 

magnitudes. Figure 15 shows significant decreases in real power losses across network branches after DG 

installation when compared to pre-installation. Reactive power losses are compared across network branches 

in Figure 16, which shows notable drops after DG installation. The effectiveness of the suggested CSA in 

strategically allocating DG units within workable radial distribution systems was demonstrated by the overall 

decrease in real and reactive power losses to 14.778 kW and 25.442 kVAr, respectively, as a result of these 

reductions across network branches. 

 

 

 
 

Figure 12. Imalefalafia 32-bus network 

 

 

Table 5. Optimization results for IEEE 32-bus network 
Optimization parameters Values 

Optimal DG Location 18 

Optimal DG Size 2.718 

Objective Function Value (Minimized Total Power Loss in kW) 14.778 

 

 

 
 

Figure 13. Objective function curve 
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Figure 14. Voltage profile comparison for pre- and post DG installation 
 

 

 
 

Figure 15. Imalefalafia 32-bus branch real power losses 
 

 

 
 

Figure 16. Imalefalafia 32-bus branch reactive power losses 
 

 

3.2.2. Comparison of the suggested CSA optimization technique with existing literature 

The efficiency of the suggested CSA algorithm was confirmed by a thorough comparison with other 

optimization techniques reported in the literature. Two scenarios were used for the comparison: first, the IEEE 
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33-bus radial distribution network was used as a benchmark test system, and then the normal IEEE 69-bus 

radial distribution network was used. The purpose of this comparison study was to show how well the suggested 

CSA approach works with various radial distribution systems. In Table 6, the suggested CSA approach is 

contrasted with several metaheuristic techniques used to optimize DG on the IEEE 33-bus radial distribution 

network. Most methods, except WOA, HPSO, MOHTLBOGWO, BSOA, and TLBO-GWO, identified bus 6 

as the optimal DG location. However, there were differences in the optimized DG capacities on this bus, except 

for SCA, ALO, and PSO, which allocated 2.59 MW as the optimal size, and IA and GA, which allocated  

2.60 MW as the optimal DG size. Notably, the proposed CSA technique allocated a DG size of 2.4576 MW 

(as indicated in Table 6). Additionally, Table 6 illustrates that the proposed CSA method achieved a greater 

percentage loss reduction of 49.03, demonstrating its superiority over other optimization techniques reported 

in the existing literature. Moreover, after optimization using the proposed CSA optimization method, the 

minimum voltage profile also showed improvement compared to other optimization algorithms, as presented 

in Table 6. Thus, the proposed CSA optimization method proved effective in sizing and locating DG within 

radial distribution networks, outperforming other optimization methods in this context. 

The suggested CSA methods' greater performance over alternative optimization techniques on a 

larger-scale test system is confirmed by Table 7, which compares them with other approaches on the industry-

standard IEEE 69-bus radial distribution network. Several techniques listed in Table 7 were included in the 

comparison. The best site to put DG was found to be bus 61 by all optimization techniques with the exception of 

the suggested CSA method. On the other hand, bus 50 was identified as the ideal DG position by the suggested 

CSA approach. With the exception of the TLBO-GWO approach, it is significant that the suggested method 

assigned a smaller DG size of 1.852 in comparison to other methods. Comparing the suggested CSA method to 

other optimization techniques, it significantly outperformed them in terms of reduction percentage, achieving 

63.67%. Additionally, as Table 7 illustrates, the suggested CSA method successfully increased the minimum 

voltage magnitude at bus 27 in comparison to alternative optimization techniques. Comparing the performance of 

the radial distribution network to other optimization techniques listed in Table 7, the suggested CSA 

optimization method for DG location and size optimization thus greatly improved the network's performance. 
 

 

Table 6. Comparison on standard IEEE 33-bus network 
Method Optimal 

Location 
DG Size 
(MW) 

Base Case 
Power Loss 

Power Loss 
after DG 

Percentage 
Reduction 

Minimum Voltage 
Magnitude 

WOA [7] 15 1.061 210.9974 133.503 36.73 0.9327 

HPSO [16] 8 3.624 210.99 131.85 37.5  
SCA [19] 6 2.590 210.9862 111.02 47.38 0.9424 (18) 

MOHTLBOGWO [21] 

PSO [14] 
Hybrid [14] 

IA [22] 

30 

6 
6 

6 

1.000 

2.59 
2.49 

2.60 

210.98 

211 
211 

211 

127.28 

111.03 
111.17 

111.10 

39.67 

47.38 
47.31 

47.39 

0.9285 

 
 

 

Heuristic [15] 
BSOA [25] 

GA [26] 

ALO [18] 
TLBO–GWO [21] 

Hybrid Technique [19] 

6 
8 

6 

6 
30 

6 

2.5936 
1.8575 

2.600 

2.590 
1.000 

2.5902 

211 
210.9862 

210.9862 

210.9862 
210.9862 

210.9862 

111.03 
118.12 

111.03 

111.03 
127.28 

111.02 

47.38 
44.02 

47.38 

47.38 
39.67 

47.38 

 
0.9441 

0.9425 

0.9424 (18) 
0.9285 

0.9424 (18) 

Proposed CSA 6 2.4576 201.58 102.75 49.03 0.9504 (18) 

 

 

Table 7. Comparison on standard IEEE 69-bus network 
Method Optimal 

Location 
DG Size 
(MW) 

Base Case 
Power Loss 

Power Loss 
after DG 

Percentage 
Reduction 

Minimum Voltage 
Magnitude (Bus) 

WOA [7] 61 1.873 225.023 83.2279 63.01 0.9683 

PSO [14] 61 1.870 225 83.2 63.02 N/A 

Hybrid [14] 61 1.810 225 83.4 62.93 N/A 
Heuristic [15] 61 1.823 225 83.3 62.98 N/A 

HPSO [16] 61 3.685 224.95 87.13 61.27 N/A 

EA [17] 61 1.878 225 83.23 63.00 N/A 
EA-OPF [17] 61 1.870 225 83.23 63.00 N/A 

Exhaustive OPF [17] 61 1.870 225 83.23 63.00 N/A 

SCA [19] 61 1.873 224.96 83.19 63.04 0.9683 (27) 
Hybrid Technique [19] 61 1.873 224.96 83.19 63.04 0.9683 (27) 

ALO [18] 61 1.873 224.96 83.22 63.00 0.968287 (27) 

TLBO–GWO [21] 61 1.000 224.96 111.56 50.41 0.9478 
GWO [20] 61 1.929 224.96 83.24 62.998 0.9687 (27) 

MOHTLBOGWO [21] 61 1.000 224.97 111.56 50.41 0.9478 

Proposed CSA 50 1.852 224.604 81.593 63.67 0.9691 (27) 
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4. CONCLUSION 

This paper tackles the DG location and capacity allocation problem by introducing the CSA 

optimization approach. The goal of this technique is to improve DG allocation for lowering actual and reactive 

power losses while improving voltage profiles inside IEEE 33-bus, IEEE 69-bus, and the real-world Nigerian 

Imalefalafia 32-bus radial distribution systems. The suggested CSA method and alternative optimization 

techniques are compared using the IEEE 33- and 69-bus standardized systems. The results show that the 

suggested CSA optimization approach is consistently better than other approaches for efficiently allocating DG 

in radial distribution networks. The suggested approach produces the best voltage profile and the lowest levels 

of reactive and active power losses. 

 

 

ACKNOWLEDGMENTS  

The authors deeply appreciate Covenant University, Ota, Nigeria, for supporting the article 

publication charges. 

 

 

FUNDING INFORMATION 

This research received no external funding. 

 

 

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 

Kayode Ojo ✓ ✓  ✓ ✓ ✓ ✓  ✓ ✓      

Seyi Fanifosi   ✓ ✓  ✓ ✓ ✓       

Awelewa Ayokunle ✓         ✓ ✓ ✓ ✓ ✓ 

Isaac Samuel ✓         ✓ ✓ ✓ ✓ ✓ 

 

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 

Authors state no conflict of interest. 

 

 

DATA AVAILABILITY 

All data are available in the manuscript. 

 

 

REFERENCES 
[1] S. O. Ayanlade, A. Jimoh, S. O. Ezekiel, and A. A. Babatunde, “Voltage profile Improvement and Active power Loss Reduction 

Through network reconfiguration Using Dingo optimizer,” in Advances on Intelligent Computing and Data Science, 2023, pp. 29–

39. doi: 10.1007/978-3-031-36258-3_3. 
[2] M. K. Gauli, K. Phoungthong, K. Techato, and S. Gyawali, “Predicting the stability of smart grid for improving the sustainability 

using distributed generation technology,” e-Prime - Advances in Electrical Engineering, Electronics and Energy, vol. 5, Sep. 2023, 

doi: 10.1016/j.prime.2023.100185. 
[3] S. O. Ayanlade, A. Jimoh, E. I. Ogunwole, A. Aremu, A. B. Jimoh, and D. E. Owolabi, “Simultaneous network reconfiguration and 

capacitor allocations using a novel dingo optimization algorithm,” International Journal of Electrical and Computer Engineering 

(IJECE), vol. 13, no. 3, pp. 2384–2395, Jun. 2023, doi: 10.11591/ijece.v13i3.pp2384-2395. 
[4] A. Jimoh, S. O. Ayanlade, F. K. Ariyo, A. Aremu, B. A. Jimoh, and M. A. Jimoh, “Capacitor allocation optimization for improved 

distribution network performance,” in 2023 2nd International Conference on Mechatronics and Electrical Engineering (MEEE), 

Feb. 2023, pp. 16–19. doi: 10.1109/MEEE57080.2023.10126738. 
[5] U. Sultana, A. B. Khairuddin, M. M. Aman, A. S. Mokhtar, and N. Zareen, “A review of optimum DG placement based on 

minimization of power losses and voltage stability enhancement of distribution system,” Renewable and Sustainable Energy 

Reviews, vol. 63, pp. 363–378, Sep. 2016, doi: 10.1016/j.rser.2016.05.056. 

[6] S. O. Ayanlade et al., “Optimal allocation of photovoltaic distributed generations in radial distribution networks,” Sustainability, 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

 Cuckoo search algorithm approach for optimal placement and sizing of distribution … (Kayode Ojo) 

2695 

vol. 15, no. 18, Sep. 2023, doi: 10.3390/su151813933. 
[7] P. Prakash and D. K. Khatod, “Optimal sizing and siting techniques for distributed generation in distribution systems: A review,” 

Renewable and Sustainable Energy Reviews, vol. 57, pp. 111–130, May 2016, doi: 10.1016/j.rser.2015.12.099. 

[8] S. Kansal, V. Kumar, and B. Tyagi, “Optimal placement of different type of DG sources in distribution networks,” International 
Journal of Electrical Power & Energy Systems, vol. 53, pp. 752–760, Dec. 2013, doi: 10.1016/j.ijepes.2013.05.040. 

[9] C. L. T. Borges and D. M. Falcão, “Optimal distributed generation allocation for reliability, losses, and voltage improvement,” 

International Journal of Electrical Power & Energy Systems, vol. 28, no. 6, pp. 413–420, Jul. 2006, doi: 
10.1016/j.ijepes.2006.02.003. 

[10] S. Alvarado-Reyes, P. Villar-Yacila, and H. Fiestas, “Imperialist competitive algorithm applied to the optimal integration of 

photovoltaic distributed generation units into a microgrid,” e-Prime - Advances in Electrical Engineering, Electronics and Energy, 
vol. 2, no. 3, Dec. 2022, doi: 10.1016/j.prime.2022.100086. 

[11] T. Somefun, O. Popoola, A. Abdulkareem, and A. Awelewa, “Review of different methods for siting and sizing distribute 

generator,” International Journal of Energy Economics and Policy, vol. 12, no. 3, pp. 16–31, May 2022, doi: 10.32479/ijeep.12803. 
[12] I. A. Samuel, H. A. Davies, A. Awelewa, and B. Omopariola, “Distributed generation and its power quality challenges: an 

overview,” in 2023 2nd International Conference on Multidisciplinary Engineering and Applied Science (ICMEAS), Nov. 2023, 

pp. 1–5. doi: 10.1109/ICMEAS58693.2023.10429852. 
[13] E. K. Ojo, O. I. Akinremi, A. H. Adeleke, O. A. Adewale, C. D. Ajibola, and O. Y. Ogunkeyede, “An an optimal placement of 

STATCOM controller on 14-Bus IEEE standard test transmission network using particle swarm optimization,” FUOYE Journal of 

Engineering and Technology, vol. 8, no. 1, Feb. 2023, doi: 10.46792/fuoyejet.v8i1.941. 
[14] M. Pesaran H. A., P. D. Huy, and V. K. Ramachandaramurthy, “A review of the optimal allocation of distributed generation: 

Objectives, constraints, methods, and algorithms,” Renewable and Sustainable Energy Reviews, vol. 75, pp. 293–312, Aug. 2017, 

doi: 10.1016/j.rser.2016.10.071. 
[15] V. V. S. N. Murthy and A. Kumar, “Comparison of optimal DG allocation methods in radial distribution systems based on sensitivity 

approaches,” International Journal of Electrical Power & Energy Systems, vol. 53, pp. 450–467, Dec. 2013, doi: 

10.1016/j.ijepes.2013.05.018. 
[16] A. A. F., A. Ademola, O. H. E., O. O. K., M. Simeon, and A. O. A., “Power quality considerations for embedded generation 

integration in Nigeria: A case study of ogba 33 kV injection substation,” International Journal of Electrical and Computer 

Engineering (IJECE), vol. 11, no. 2, pp. 956–965, Apr. 2021, doi: 10.11591/ijece.v11i2.pp956-965. 
[17] P. D. P. Reddy, V. C. V. Reddy, and T. G. Manohar, “Whale optimization algorithm for optimal sizing of renewable resources for 

loss reduction in distribution systems,” Renewables: Wind, Water, and Solar, vol. 4, no. 1, Dec. 2017, doi: 10.1186/s40807-017-

0040-1. 
[18] S. Kansal, V. Kumar, and B. Tyagi, “Hybrid approach for optimal placement of multiple DGs of multiple types in distribution 

networks,” International Journal of Electrical Power & Energy Systems, vol. 75, pp. 226–235, Feb. 2016, doi: 

10.1016/j.ijepes.2015.09.002. 
[19] A. Bayat and A. Bagheri, “Optimal active and reactive power allocation in distribution networks using a novel heuristic approach,” 

Applied Energy, vol. 233–234, pp. 71–85, Jan. 2019, doi: 10.1016/j.apenergy.2018.10.030. 

[20] M. M. Aman, G. B. Jasmon, A. H. A. Bakar, and H. Mokhlis, “A new approach for optimum simultaneous multi-DG distributed 
generation Units placement and sizing based on maximization of system loadability using HPSO (hybrid particle swarm 

optimization) algorithm,” Energy, vol. 66, pp. 202–215, Mar. 2014, doi: 10.1016/j.energy.2013.12.037. 

[21] K. Mahmoud, N. Yorino, and A. Ahmed, “Optimal distributed generation allocation in distribution systems for loss minimization,” 
IEEE Transactions on Power Systems, vol. 31, no. 2, pp. 960–969, Mar. 2016, doi: 10.1109/TPWRS.2015.2418333. 

[22] A. H. Ali, A.-R. Youssef, T. George, and S. Kamel, “Optimal DG allocation in distribution systems using Ant lion optimizer,” in 

2018 International Conference on Innovative Trends in Computer Engineering (ITCE), Feb. 2018, pp. 324–331. doi: 
10.1109/ITCE.2018.8316645. 

[23] A. Selim, S. Kamel, A. A. Mohamed, and E. E. Elattar, “Optimal allocation of multiple types of distributed generations in radial 

distribution systems using a hybrid technique,” Sustainability, vol. 13, no. 12, Jun. 2021, doi: 10.3390/su13126644. 
[24] A.-R. S. El-Sayed, M. Mandour, E. M. Saied, and M. M. Salama, “Optimal number size and location of distributed generation units 

in radial distribution systems using grey wolf optimizer,” International Electrical Engineering Journal (IEEJ), vol. 7, no. 9, pp. 
2367–2376, 2017. 

[25] S. Arabi Nowdeh et al., “Fuzzy multi-objective placement of renewable energy sources in distribution system with objective of loss 

reduction and reliability improvement using a novel hybrid method,” Applied Soft Computing, vol. 77, pp. 761–779, Apr. 2019, doi: 
10.1016/j.asoc.2019.02.003. 

[26] D. Q. Hung and N. Mithulananthan, “Multiple distributed generator placement in primary distribution networks for loss reduction,” 

IEEE Transactions on Industrial Electronics, vol. 60, no. 4, pp. 1700–1708, Apr. 2013, doi: 10.1109/TIE.2011.2112316. 

[27] A. El-Fergany, “Optimal allocation of multi-type distributed generators using backtracking search optimization algorithm,” 

International Journal of Electrical Power & Energy Systems, vol. 64, pp. 1197–1205, Jan. 2015, doi: 10.1016/j.ijepes.2014.09.020. 

[28] M. Kashyap, A. Mittal, and S. Kansal, “Optimal placement of distributed generation using genetic algorithm approach,” 2019, pp. 
587–597. doi: 10.1007/978-981-10-8234-4_47. 

[29] X. S. Yang and S. Deb, “Engineering optimisation by cuckoo search,” International Journal of Mathematical Modelling and 

Numerical Optimisation, vol. 1, no. 4, pp. 330–343, 2010, doi: 10.1504/IJMMNO.2010.035430. 
[30] X.-S. Yang and Suash Deb, “Cuckoo search via levy flights,” in 2009 World Congress on Nature & Biologically Inspired Computing 

(NaBIC), 2009, pp. 210–214. doi: 10.1109/NABIC.2009.5393690. 

[31] S. A. Salimon, K. A. Suuti, H. A. Adeleke, O. K. Ebenezer, and H. A. Aderinko, “Impact of optimal placement and sizing of 
capacitors on radial distribution network using cuckoo search algorithm,” IOSR Journal of Electrical and Electronics Engineering 

(IOSR-JEEE), vol. 15, no. 1, pp. 39–49, 2020. 

[32] S. Fanifosi, S. Ike, E. Buraimoh, and I. E. Davidson, “33kV distribution feeder line sag and swell mitigation using customized 
DVR,” in 2022 5th Information Technology for Education and Development (ITED), Nov. 2022, pp. 1–5. doi: 

10.1109/ITED56637.2022.10051316. 

 

 

 

 

 



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 15, No. 3, June 2025: 2681-2696 

2696 

BIOGRAPHIES OF AUTHORS  

 

 

Kayode Ojo     holds a Ph.D. in electrical and electronic engineering from Ladoke 

Akintola University of Technology, Ogbomoso, Nigeria. He is currently a lecturer in the 

Department of Electrical and Electronics Engineering at Lead City University, Ibadan, Oyo 

State, Nigeria. He is a registered electrical engineer. His research interest is in the areas of 

power system, mechatronics, control systems and instrumentation. He can be contacted at 

email: ojokayodeebenezer@yahoo.com. 

  

 

Seyi Fanifosi     received the B.Tech. degree in electrical and electronic engineering 

from Ladoke Akintola University of Technology, Ogbomoso, Nigeria in 2012. Then he 

received a Master of Engineering in the same field from the University of Benin, Nigeria in 

2019. He is currently pursuing his Ph.D. in electrical and computer engineering at Klipsch 

School of Electrical and Computer Engineering, New Mexico State University, USA. His 

research interests include power system, machine learning and renewable energy and he can 

be reached via email at seyij@nmsu.edu. 

  

 

Awelewa Ayokunle     obtained his Ph.D. in electrical and electronic engineering 

from Covenant University, Ota, Nigeria, where he is currently an associate professor in the 

Department of Electrical and Information Engineering. His research areas include modelling 

and control of renewable energy systems, power system stabilization and control, and 

modelling and simulation of dynamical systems. He can be contacted at email: 

ayokunle.awelewa@covenantuniversity.edu.ng. 

  

 

Isaac Samuel     obtained his Ph.D. in electrical and electronics engineering from 

Covenant University, Ota, Nigeria, where he is currently an associate professor in the 

Department of Electrical and Information Engineering. His research areas include power 

system voltage stability and operation, reliability, and maintenance. He can be contacted at 

email: isaac.samuel@covenantuniversity.edu.ng. 

 

 

https://orcid.org/0000-0002-1814-0189
https://scholar.google.com/citations?user=2EfkhzQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=59021017100
https://orcid.org/0009-0008-4884-6925
https://scholar.google.com/citations?user=0p8QFQYAAAAJ&hl=en
https://orcid.org/0000-0002-4409-6628
https://www.scopus.com/authid/detail.uri?authorId=55888434800
https://scholar.google.com/citations?hl=en&user=gU5hEtMAAAAJ
https://orcid.org/0000-0001-6475-1207
https://scholar.google.com/citations?user=BbAePkgAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=55976583500

