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Abstract: This article investigates the impact of multi-Distributed Generation Photovoltaic (DGPV) installation and their degree of 

penetration on controlling power loss in the radial distribution system. The Integrated Immune Moth Flame Evolution Programming 

(IIMFEP), a unique hybrid optimization technique, was utilized to identify the ideal DGPV size and location for base case conditions and 

under load variations. The IIMFEP approach is compared against Evolutionary Programming (EP), Artificial Immune System (AIS), and 

Moth Flame Optimization (MFO) and validated using the IEEE 118-Bus Radial Distribution Systems (RDS). Incorporating multi-DGPV 

into a system reduces the total real and reactive power loss while simultaneously increasing the minimum voltage and decreasing the total 

voltage deviation. In every instance examined in this study, the IIMFEP method yields optimal solutions superior to those generated by the 

other three methods. As the number of DGPV units increased to nine, the percentage of power loss reduction became the highest among 

all DG units examined, and DG penetration reached 94.26 percent. This research provides the power system operator with comprehensive 

findings demonstrating the impact of installing multi-DGPV in distribution networks on system loss.  

Keywords: Optimization; Loss minimization; Distributed generation; Evolutionary programming; Distributed generation photovoltaic; 

Backward forward sweep; Total voltage deviation 

1. Introduction  

In view of the recent deregulation and increasing 

environmental awareness, the integration of distributed 

generation (DG) into the distribution system is becoming a 

viable option for distribution network operators (DNO) to 

enhance system performance. 

 Integration of DG into the distribution network that is 

meticulously planned provides a number of benefits. The 

following are the benefits: active and reactive power loss 

reduction [1], [2], voltage stability improvement [3], [4], 

reliability improvement, pollution emissions reduction [5], 

increasing system reliability, enhanced system security, and 

maximization of profit [6], [7]. However, due to the 

intermittent nature of renewable energy (RE), the DNO find 

it challenging to integrate RE into their systems. The 

complexity of the unidirectional power flow between the 

substation and the consumers causes an imbalance in the 

system's addition of RE power. The penetration of an RE 

system into the grid introduces voltage regulation, frequency 

regulation, reverse power flow, harmonics, and other issues 

[8]–[11]. As a result, rigorous planning of the power system 

with the presence of RE is required. However, the mere 

location and size of these devices might not benefit the 

system. It is critical to place the DG in a way to maximize 

system benefits. 

Numerous studies have adopted techniques and algorithms to 

address diverse problems, including the DG allocation 

problem. Babu et al. [12] presented the Harris Hawk 

optimization method to determine the ideal placements and 

sizes of various types of DGs in a radial distribution system 

(RDS). Zulkiffli et al. [13] utilize the Loss Sensitivity (LS) 

method to determine the appropriate DG locations and the 

Firefly Algorithm (FA) to calculate the optimal DG capacity 

in an attempt to improve the system's voltage stability. 

Another important work that can be highlighted is the work 

in [14]which addresses the application of the Improved 

Marine Predators algorithm (IMPA) to incorporate both real 

and reactive power resources into distribution systems with 

the goal of minimizing total reactive power losses. The 

authors of proposed [15] the Immunized Brainstorm 

Evolutionary Programming (IBSEP) to illustrate the impact 

of installing various DG types. 

Meanwhile, the study in[16] determined that the Fruit fly 

method provides a better power factor than the cat swarm 

strategy for calculating the power factor of wind-based DGs 

in order to reduce harmonics in the distribution system. The 

artificial Bee Colony (ABC) method has been used in [17] 

for the DG location and sizing problem, with three 
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objectives: total power losses, total energy cost, and average 

voltage drop. Another study in [18] applied the multi-

objective Chaotic Mutation Immune Evolutionary Technique 

(MOCMIEP) to investigate the ideal sizing and positioning 

of DGPV to reduce total power losses concurrently and 

improve the voltage stability index. Duong et al. [19] 

integrate chaos into the original Stochastic Fractal Search 

(SFS) technique, employing ten prominent chaotic maps to 

solve the optimal DG allocation issue in RDS. The results 

indicate that the proposed Chaotic mutation chaotic local 

search (CMSFS) provides a solution superior to the SFS.  

The Integrated Immune Moth Flame Evolutionary 

Programming (IIMFEP) method, which incorporates 

Artificial Immune System (AIS) and Moth Flame 

Optimization (MFO) inside the framework of Evolutionary 

Programming (EP), was utilized to optimize the locations and 

sizes of multiple DG-PVs in base case conditions and under 

load variations to minimize total system loss. The proposed 

technique has been evaluated on the IEEE-118 Bus RDS, and 

the results are compared to those of EP, AIS, and MFO 

algorithms. The reported results indicate that the proposed 

technique outperforms EP, AIS, and MFO algorithms in 

terms of reducing overall system loss.  

The following are the key accomplishments of this work: 

• Proposing a novel hybrid optimization method IIMFEP, 

based on chaotic local search rather than gaussian mutation. 

• Using the proposed IIMFEP to determine the ideal siting 

and sizing of multi DGPV units in an RDS in base case 

condition to minimize total active power losses while 

improving the voltage profile. 

• Using the proposed IIMFEP to determine the ideal siting 

and sizing of multi DGPV units in an RDS under load 

variations to minimize total active power losses while 

improving the voltage profile 

• Comparing the efficacy of the proposed methodology to the 

EP, AIS, and MFO methods using 118-Bus distribution 

systems. 

The remaining sections of this work are organized as follows. 

Section II introduces the mathematical formulas for optimal 

DG allocation problems. Section III describes the algorithms 

that have been proposed. Case studies and simulation 

outcomes are presented in Section IV. Section V concludes 

with the conclusion. 

2. Problem Formulation  

A. Load Flow Analysis 

Power systems are analyzed by efficient algorithms and 

software. Regardless of the goal function, load flow analysis 

is required prior to placing DG in the distribution system. The 

task should be completed without violating the system 

constraints. The traditional Newton-Raphson, Gauss-Seidel, 

and Fast Decoupled Load Flow methods are widely used in 

transmission system analysis because of their efficiency, but 

they are far less effective in distribution system analysis [20]. 

A backward Forward Sweep (BFS) based algorithm has 

become the most widely used method for calculating 

distribution power flow [21], [22]. The primary 

characteristics of this power flow method are its simplicity, 

speed, low memory requirements, and robust convergence in 

the RDS solution. BFS relies on a backward and forward 

cycle at each iteration as its core operating principle. The 

initial phase of BFS is to calculate the load current at each 

node for each iteration, which can be done as follows: 

𝐼𝑙𝑜𝑎𝑑_𝑡
(ℓ)

= 𝑐𝑜𝑛𝑗 (
𝑆𝑡

𝑉𝑡
(ℓ−1)

)  𝑓𝑜𝑟 𝑡 = 2 … 𝑁 (1) 

Where ℓ represents the iteration number, 𝑡 is the node/bus, 

𝐼𝑙𝑜𝑎𝑑_𝑡
(ℓ)

 is the load current at node t on iteration ℓ, 𝑆𝑡  is the 

power injection at node t, 𝑉𝑡
(ℓ−1)

 is the voltage of 

node t calculated from the previous iteration and N is the 

total number of nodes. The second phase is the backward 

sweep, which calculates the branch currents of all branches. 

The branch current is computed beginning at the end node 

and moving toward the source node using an expression (2). 

𝐼𝑡−1,𝑡  
(ℓ)

=  𝐼𝑙𝑜𝑎𝑑_𝑡
(ℓ)

+ ∑ 𝐼𝑡,𝑡+1
(ℓ)

 (2) 

Where, 𝐼𝑡−1,𝑡  
(ℓ)

 represents the branch current connecting node 

t to its upstream node t − 1 and   ∑ 𝐼𝑡,𝑡+1
(ℓ)

 is the total of branch 

currents emanating from node t. The third phase is the 

forward sweep, which involves calculating the bus voltages 

for each node. The bus voltage is computed from the source 

node to the end node using (3). 

𝑉𝑡
(ℓ)

=  𝑉𝑡−1
(ℓ)

− 𝑍𝑡−1,𝑡 𝐼𝑡−1,𝑡
(ℓ)

 (3) 

Where 𝑉𝑡
(ℓ)

 is the voltage of node t at iteration ℓ, 𝑉𝑡−1
(ℓ)

is the 

voltage of the immediate upstream node of node t, and  𝑍𝑡−1,𝑡 

is the branch impedance connecting node t to its immediate 

upstream node.  

The next phase is to calculate the magnitudes of the voltage 

error. It is achieved by tracking the voltage magnitude 

differences at each node between two successive iterations. 

The maximum voltage error is then determined by taking the 

maximum value of all voltage error magnitudes at all nodes 

(other than node 1) for the current iteration of ℓ. The BFS 

stops when the conditions specified in (4) are met. 

𝑒𝑚𝑎𝑥
(ℓ)

 ≤ 𝐸𝑡𝑜𝑙(𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒) (4) 

where 𝑒𝑚𝑎𝑥
(ℓ)

 is the maximum error at iteration ℓ,  and 

𝐸𝑡𝑜𝑙(𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒) is the tolerance limits. 
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B. Objective Function 

The objective function OF of this study is to minimize the 

loss in the distribution system, which is mathematically 

represented by (5). 

𝑂𝐹 = min(𝑃𝐿𝑂𝑆𝑆)    (5) 

The active and reactive power loss in the line section between 

buses m and n are calculated as in (6) and (7).  

𝑃𝑙𝑜𝑠𝑠_𝑚𝑛 =  𝐼𝑚𝑛
2  × 𝑅𝑚 (6) 

𝑄𝑙𝑜𝑠𝑠_𝑚𝑛 =  𝐼𝑚𝑛
2  × 𝑋𝑚 (7) 

The total active power losses (APL) and reactive power 

losses (RPL) of the distribution systems can be determined 

by adding all line section losses, given by (8) and (9). 

𝑃𝐿𝑂𝑆𝑆 = ∑ 𝑃𝑙𝑜𝑠𝑠_𝑚𝑛     

𝑁𝑙𝑖𝑛𝑒

𝑗=1

        (8) 

𝑄𝐿𝑂𝑆𝑆 = ∑ 𝑄𝑙𝑜𝑠𝑠_𝑚𝑛

𝑁𝑙𝑖𝑛𝑒

𝑗=1

     (9)  

Where: 

𝐼𝑚𝑛  = current magnitude at branch m and n 

j     = branch number 

𝑅𝑚 = resistance at branch m 

𝑋𝑚 = reactance at branch m 

Nline = maximum number of branches 

Power loss can also be stated as a percentage (%) when 

comparing results, termed as power loss reduction 

percentage (PLRP) as shown in (10): 

𝑃𝐿𝑅𝑃 =
𝑃𝑙𝑜𝑠𝑠𝑤𝑖𝑡ℎ𝑜𝑢𝑡_𝐷𝐺 − 𝑃𝑙𝑜𝑠𝑠𝑤𝑖𝑡ℎ_𝐷𝐺  

𝑃𝑙𝑜𝑠𝑠𝑤𝑖𝑡ℎ𝑜𝑢𝑡_𝐷𝐺

 x 100 
(10) 

The objective function is mainly subjected to voltage and DG 

size constraints during the optimization process. During 

injecting DG into the system, the voltage magnitude at each 

bus must remain within the prescribed limit[23]. 

 0.95 p.u. ≤  𝑉𝑡 ≤ 1.05 p.u. (11)       

To reach a fair solution, the size of the DG cannot be too 

small or too large relative to the system's load value. The 

amount of active and reactive power generated by each DG 

unit must range between 10 and 80 percent of the system's 

total load demand [24].   

10% of total active load demand ≤ 𝑃𝐷𝐺_𝑡 ≤ 80% of 

total active load demand 

  

(12)   

10% of total reactive load demand≤ 𝑄𝐷𝐺_𝑡 ≤ 80% of 

total reactive load demand 
(13)      

Where Vt is the voltage magnitude at bus t, and 𝑃𝐷𝐺_𝑡  and 

𝑄𝐷𝐺_𝑡  are the DG active and reactive power components 

injected at the t-th bus. Total Voltage Deviation (TVD) is 

calculated as follows [25]: 

𝑇𝑉𝐷 = ∑ |𝑉𝑡 − 𝑉𝑟𝑒𝑓|

𝑁

𝑡=1

 

 

(14) 

Penetration level is calculated as follow [15]: 

Penetration Level

=
Total installed DGPV capacity

Total active load demand
 x 100 

(15) 

The effect of installing three DGs Type I under load 

variations are investigated. The following equation 

determines the load variation from no-load to full-load[14]. 

𝑃𝑗𝑛𝑒𝑤 + 𝑗𝑄𝑗𝑛𝑒𝑤 = 𝐾 (𝑃𝑗 + 𝑗𝑄𝑗 ) (16) 

Where K= [0.6, 0.8, 1.0, 1.2, 1.4 and 1.6] is the load factor. 

For each load step modification, the power system feeder 

loads are varied from 60%, 80%, 100%, 120%, 140% and 

160% from the base case, while the optimal size and location 

of DG are computed using EP, AIS, MFO, and IIMFEP. 

3. Overview of the Proposed Method 

This section proposes the IIMFEP optimization technique for 

addressing the placement of multiple DGPVs on IEEE-118 

Bus RDS to minimize active power loss. AIS and MFO 

features are incorporated into the EP approach to creating the 

IIMFEP. Based on a review of the relevant literature, it has 

been determined that combining them with other algorithms 

could make them more effective and resilient. The complete 

flow chart for the IIMFEP algorithm is represented in 

Figure1.  
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The initialization process is the first step in the IIMFEP 

algorithm. In this procedure, the number of individuals, the 

size of each mutation step, the number of clones, and the 

maximum number of iterations had to be set. In this process, 

a population of candidates is generated using random 

numbers. During the pre-fitness computation process, the 

fitness value of the random population is then calculated. 

Individuals who violate the requirement are exterminated 

from the population. The accepted population is referred to 

as the parents' population. The population of the parents is 

cloned by a chosen factor that multiplies these candidates. 

Cloned populations are used to produce offspring, bred 

during a mutation. In the mutation process, Chaotic Local 

Search (CLS) mutation with a circle map function is used to 

produce offspring [26]. The offspring are produced by 

mutating the cloned population on the CLS operator 

specified in (17). Xmut is a new candidate solution or 

offspring. 

𝑋𝑚𝑢𝑡 =  (1 −  λ) ∗  𝑋𝑐𝑙𝑜𝑛𝑒 +  λ ∗  𝐶𝐻𝑖  
       

(17) 

Where 𝑖 = 1, . . . , 𝐾, 𝜆 is a shrinking factor, which is defined 

as follows:  

λ = (𝑚𝑎𝑥𝑐𝑦𝑐𝑙𝑒 − ℓ + 1)/ 𝑚𝑎𝑥𝑐𝑦𝑐𝑙𝑒   (18)  

Here 𝑚𝑎𝑥𝑐𝑦𝑐𝑙𝑒  is the maximum number of iterations, and ℓ  

is the number of iterations. 𝐶𝐻𝑘 is the chaotic vector in the 

interval [𝑙, 𝑢], derived from: 

𝐶𝐻𝑘 = 𝐿𝐵 + 𝑐ℎ𝑎𝑜𝑠𝑘 ∗ (𝑈𝐵 − 𝐿𝐵) 
  

(19) 

Where 𝑖 = 1, . . . , 𝐾, UB and LB are the lower bound and 

upper bound of variable X, respectively. The individual 

produced by the circle map function, 𝑐ℎ𝑎𝑜𝑠𝑘 is calculated 

as follows: 

𝑐ℎ𝑎𝑜𝑠𝑘+1 = { 𝑐ℎ𝑎𝑜𝑠𝑘 + b −

( a 2π) sin (2π 𝑐ℎ𝑎𝑜𝑠𝑘)} mod (1) 

(20)  

Where 𝑐ℎ𝑎𝑜𝑠𝑘+1  is a new vector of the individual in a k-

th generation produced by the circle map function, 𝑎 = 0.5 𝑏 

= 0.2, k is the length of a chaotic sequence, and ch0 ∈ (0, 1) 

is a random number. The fitness value of the offspring is 

then computed during the fitness two calculation. The 

cloned and offspring populations are merged into a single 

population via a combination process. A tournament system 

is used to determine the healthiest individuals in a 

population. First, the combined population is ranked, the top 

two-thirds healthiest individuals are chosen, and the 

remainder is removed. The moth population is then 

comprised of the top two-thirds of individuals. Once the 

moth and flame is initialized, the number of flames is 

computed as follows: 

flame 𝑛𝑢𝑚𝑏𝑒𝑟 = 𝑟𝑜𝑢𝑛𝑑 (𝑁𝑓𝑙𝑎𝑚𝑒 − ℓ

∗  
𝑁𝑓𝑙𝑎𝑚𝑒 − 1

𝑇
) 

(21) 

The moth population is then updated using spiral equation: 

S(𝑀𝑖 , 𝐹𝑗) = 𝐷𝑖  . 𝑒𝑏𝑑. cos(2πt)  + 𝐹𝑗 (22) 

 
 

Fig. 1 Flowchart for proposed IIMFEP. 
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Then the algorithm constant b and d is updated. Constant b 

is the constant that defines the shape of a logarithmic spiral, 

and d is the random number in [r,1], where r is decreased 

linearly from -1 to -2. The distance between the moth and 

the flame is then computed as follows: 

𝐷𝑖 = | 𝐹𝑗 − 𝑀𝑖| (23) 

 Where 𝑁𝑓𝑙𝑎𝑚𝑒  represents the maximum number of flames, 

T represents the maximum number of iterations, ℓ is the 

current number of iterations, Fj indicates the j-th flame, and 

Mi indicate the i-th moth. Fitness 3 calculates the fitness of 

the updated moths. The moths are then sorted based on their 

fitness using a ranking mechanism. The sorted moths are 

known as flames. The next stage combines new and old 

flames to create a new population. After ranking the entire 

population, just the 20 healthiest individuals are picked 

using a tournament process, and the rest are eliminated. 

Individuals chosen in the selection process are the Parents 

for the next iteration. The convergence test evaluates if the 

IIMFEP algorithm can be stopped when it reaches the 

maximum iterations. If convergence conditions are not met, 

the whole process will repeat. 

4. Results and Discussion 

The proposed IIMFEP is tested using the IEEE 118-Bus 

RDS to determine the optimal DG sizing and location in this 

study. In each scenario, the performance of the system, such 

as total real power loss (PLOSS), total reactive power loss 

(QLOSS), minimum voltage (Vmin), penetration level, and total 

voltage deviation, are calculated. The performance of the 

IIMFEP is compared to that of the EP, AIS, and MFO 

algorithms in terms of minimizing distribution losses while 

meeting the system's voltage constraint. The size and 

location of DGs in the power system are thoroughly 

investigated utilizing one, three DGs, five DGs, seven DGs, 

and nine DGs. Then, the impact of multi-DG type I 

installations on the 118-Bus RDS during load changes are 

further investigated using the proposed method. In this case, 

DG Type 1, i.e., the PV is considered for the installation. 

The results of multi-DGPV installation have been compared 

with the results from pre-DGPV installation. 

The 118-Bus RDS consists of 118 buses and 117 branches, 

as shown in Figure 2. The line data and load data are taken 

from [27], where the bus number are rearranged. The rated 

voltage is 11 kV and the substation voltage is considered one 

p.u.. The total real and reactive demand on the system is 

22,709.70 kW and 17,041.10 kVAr respectively. In this 

study, it is more relevant to assume all loads are constant 

power loads. The population size for each of the four 

optimization methods is twenty. Meanwhile, the maximum 

number of iterations, maxcycle for DGPV units installation 

need to be tuned manually [19]. For the installation of three 

to five DGPV units, the maxcycle selected is 200, but for the 

installation of seven to nine DGPV units, the maxcycle is 400. 

C. Pre-DG Installation 

In order to study the effectiveness of the proposed method, 

the total losses at the base case were calculated without 

DGPV installation. Table 1 presents the results of a 

Backward/Forward Sweep load flow operation for an 

uncompensated 118 test system without DG installation. 

Table 1. Pre-DGPV Installation. 

PLOSS (kW) QLOSS (kVAr) Vmin TVD 

1298.07 978.72 
0.8688 p.u. 

at bus 77 
5.373 p.u. 

From Table 1, the minimum voltage of 0.8688 p.u. is 

observed at bus 77 for 118-Bus RDS [28], which is below 

the prescribed limit of the voltage magnitude constraint. 

Moreover, the total real power loss of the system is 1298.07 

kW, the total reactive loss of the system is 978.72 kVAr, and 

TVD is 5.373 p.u.  

D. Single DGPV Installation 

Manual search, EP, AIS, MFO, and IIMFEP approaches are 

used to determine the optimal size and placement for a single 

DGPV installation. The top 10% of the weakest bus for the 

base case without DG installation is identified and listed in 

Table 2 for the manual search technique. These bus numbers 

were chosen as the primary site of the system's single DG. 

The real power of the DG is then varied from 0 kW to 10 

kW at 10 kW intervals for each potential site of the DG. 

Figure 3 shows the overall power loss of the system as the 

DG size is adjusted from 0 kW to 10 kW for all possible 

sites. The graph shows that the lowest total APL is obtained 

when the DG size is ideal. However, losses grow as DG size 

increases above the optimal size, eventually exceeding 

overall losses without DG installation. Failure to identify the 

optimal size and location of DG will cause an increase in 

power loss. Figure 4 depicts a magnification of Figure 3 for 

 

Fig. 2 The IEEE 118-Bus RDS. 
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2500 kW to 3000 kW DG size. The optimal size of DG that 

caused the least amount of power loss at all potential 

locations is then recorded in Table 3. It is discovered that the 

optimal size of DG is 2980 kW, which must be installed at 

bus 71 in order to attain the system's lowest overall APL of 

1016.69 kW. 

 

 

Table 2. Bus Voltages for the Top 10% of the Weakest 

Buses. 

Bus Voltage (p.u.) 

77 0.8688 

76 0.8689 

75 0.8706 

74 0.8714 

73 0.8748 

72 0.8792 

71 0.8840 

70 0.8877 

111 0.9053 

113 0.9071 

112 0.9072 

Table 3. The Optimal Size of DG Resulted in the 

Minimum Power Loss at All Potential Sites 

Loc. 

Size of 

DG 

(kW) 

Vmin 

(p.u.) 

PLOSS 

(kW) 
 

QLOSS 

(kVAR) 

111 2700 0.8688 1092.52  865.41 

112 2700 0.8688 1097.52  867.28 

70 3050 0.9053 1021.02  777.05 

71 2980 0.9053 1016.69  775.99 

72 2980 0.9053 1016.69  776.70 

73 2690 0.9053 1020.28  780.54 

74 2600 0.9053 1021.94  782.85 

76 2480 0.9053 1032.70  788.59 

77 2180 0.9053 1061.45  803.51 

113 2510 0.8688 1110.98  873.76 

 

The manual search method is limited to exhaustive 

examination. As the number of DG expanded, the manual 

search technique to determine DG's optimal size and 

location became impractical. In order to find the ideal size 

and location of DG to minimize power loss, an optimization 

method is necessary. Table 4 shows the simulation results 

obtained using EP, AIS, MFO and IIMFEP optimization 

techniques for single DGPV installation in 118-Bus RDS.  

For single DGPV installation, IIMFEP performance is 

comparable to MFO performance by producing the same 

total real power loss, which is 1016.9 kW with a 21.68% of 

power loss reduction. The total APL obtained from IIMFEP 

and MFO is similar to the total APL obtained using a manual 

search. Meanwhile, EP and AIS produce 1090.15 kW and 

1090.26 kW of total power losses with 16.02% and 16.01% 

of power loss reduction percentages. The DG size with a 

single DG installation is 3816.5 kW, 3817.5 kW, 2978.55 

kW, and 2978.52 kW for EP, AIS, MFO, and IIMFEP, 

respectively. EP and AIS have identified location bus 75 for 

DG placement, while MFO and IIMFEP have identified 

location bus 71.  

E. Multi DGPV Installations 

The size and siting of DG-PVs in the power system are 

thoroughly examined, with 3,5,7 and 9 DGs. Table 5,6,7 and 

8 compares and contrasts the findings of EP, AIS, MFO, and 

IIMFEP when 3, 5, 7 and 9 DGPVs are installed in the 

system, respectively. For multi-DGPV installations, the 

IIMFEP strategy beat the other three techniques. In a three-

unit DG-PV installation, the IIMFEP has the lowest total real 

power loss at 667.28 kW, followed by the MFO, EP, and AIS 

with 675.03 kW, 943.9 kW, and 944.36 kW, respectively. 
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Using the proposed IIMFEP as an optimization technique, the 

total reactive power loss was decreased from 978.72 kVAr to 

507.05 kVAr, the total voltage deviation was decreased from 

5.37 p.u. to 3.11 p.u., and the minimum voltage was improved 

from 0.8688 p.u. prior to DG installation to 0.9540 p.u. after 

3 DGPV installations, which was above the minimum voltage 

constraint. 

 

Table 4. Simulation Results of EP, AIS, MFO and IIMFEP for Single DGPV Installation in 118-Bus RDS 
S

IN
G

L
E

 D
G

P
V

 

 EP AIS MFO IIMFEP 

PLOSS (kW) 1090.15 1090.26 1016.69 1016.69 

QLOSS (kVAr) 803.28 803.33 776.00 775.98 

Vmin p.u. 0.9053 0.9053 0.9053 0.9053 

TVD p.u. 3.907 3.907 4.237 4.236 

PRLP 16.02% 16.01% 21.68% 21.68% 

PDG (kW) / Bus 3816.50 (75) 3817.92 (75) 2978.55 (71) 2978.52 (71) 

Total PDG (kW) 3816.50 3817.92 2978.55 2978.52 

 

Table 5. Results of EP, AIS, MFO and IIMFEP for Three-DGPV Installations in 118-Bus System 

  EP AIS MFO IIMFEP 

T
H

R
E

E
 D

G
P

V
s 

PLOSS (kW) 943.9 944.36 675.03 667.28 

QLOSS (kVAr) 712.71 713.47 512.82 507.05 

Vmin p.u. 0.9115 0.9113 0.9514 0.9540 

TVD p.u. 3.833 3.842 3.170 3.110 

PRLP 27.29% 27.25% 48.00% 48.60% 

PDG (kW) 

/Bus 

2626.77 (106) 2592.03 (106) 2702.30 (111) 2978.57 (71) 

3125.76 (56) 3106.22 (56) 3015.72 (49) 3119.86 (109) 

4509.43 (67) 4486.15 (67) 2985.47 (71) 2883.17 (50) 

Total PDG (kW) 10261.97 10184.39 8703.49 8981.6 

 

Table 6. Results of EP, AIS, MFO and IIMFEP for Five-DGPV Installations in 118-Bus System 

  EP AIS MFO IIMFEP 

F
iv

e 
D

G
P

V
s 

PLOSS (kW) 845.98 846.05 584.37 581.57 

QLOSS (kVAr) 723.26 723.31 444.81 435.11 

Vmin p.u. 0.9163 0.9163 0.9543 0.9548 

TVD p.u. 3.332 3.332 2.551 2.672 

PLRP 34.83% 34.82% 54.98% 55.20% 

PDG  

(kW) 

/Bus 

2718 (42) 2719.29 (42) 2271.00 (40) 2857.79 (71) 

2519.98 (112) 2521.61 (112) 2271.00 (96) 6454.16 (29) 

5647.18 (9) 5649.21 (9) 2745.01 (50) 2512.90 (50) 

6069.43 (63) 6071.78 (63) 2869.32 (110) 2520.11 (79) 
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3386.97 (69) 3388.16 (69) 2555.00 (72) 3118.73 (109) 

Total PDG (kW) 20341.57 20350.05 12711.33  

 

Table 7. Results of EP, AIS, MFO and IIMFEP for Seven-DGPV Installations in 118-Bus System 

  EP AIS MFO IIMFEP 

S
ev

en
 D

G
P

V
s 

PLOSS (kW) 723.6 723.71 540.05 527.07 

QLOSS (kVAr) 528.52 528.61 417.07 397.25 

Vmin p.u. 0.9370 0.9370 0.9493 0.9543 

TVD p.u. 2.210 2.209 2.298 2.077 

PLRP 44.26% 44.25% 58.40% 59.40% 

PDG  

(kW) 

/Bus 

3431.65 (78) 3432.11 (78) 2271.00 (40) 2270.97 (40) 

2749.42 (112) 2750.47 (112) 4769.81 (4) 2699.48 (50) 

2700.78 (18) 2701.35 (18) 2362.39 (74) 2270.97 (96) 

2408.22 (33) 2408.74 (33) 4280.43 (91) 2869.17 (110) 

2578.25 (38) 2578.95 (38) 2271.00 (50) 2270.97 (80) 

3220.04 (48) 3221.13 (48) 2377.37 (80) 2270.97 (20) 

4524.47 (68) 4525.95 (68) 2271 (110) 2612.53 (71) 

Total PDG (kW) 21612.84 21618.7 20602.99 17265.07 

 

Table 8. Results of EP, AIS, MFO and IIMFEP for Nine-DGPV Installations in 118-Bus System 

  EP AIS MFO IIMFEP 

N
in

e 
D

G
P

V
s 

PLOSS (kW) 732.29 857.92 527.95 511.43 

QLOSS (kVAr) 587.81 657.84 404.82 382.15 

Vmin p.u. 0.9175 0.9515 0.9495 0.9547 

TVD p.u. 2.416 1.775 2.1707 1.999 

PLRP 43.59% 33.91% 59.33% 60.60% 

PDG  

(kW) 

/Bus 

3422.32 (78) 4288.42 (82) 2270.97 (2) 2496.91 (30) 

3674.42 (41) 2674.52 (42) 2270.97 (2) 2270.97 (20) 

6702.74 (63) 3385.65 (109) 2270.97 (40) 2334.28 (50) 

3189.35 (3) 3310.87 (21) 3119.94 (109) 2270.97 (2) 

3263.46 (111) 5198.78 (7) 2270.97 (96) 2270.97 (91) 

2589.20 (11) 2484.31 (76) 2270.97 (80) 2351.28 (73) 

2422.65 (103) 2320.31 (86) 2270.97 (11) 2270.97 (40) 

3352.48 (4) 2776.88 (66) 2270.97 (74) 2868.88 (110) 

2741.66 (71) 2702.99 (48) 2270.97 (50) 2270.98 (79) 

Total PDG (kW) 31358.25 29142.73 21287.70 21406.22 
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The locations and sizing of all the DG-PVs are also given in 

the tables. For instance, when 9 DG-PV units are installed 

in the system; the sizing of the individual DG is 2496.91 kW, 

2270.97 kW, 2334.28 kW, 2270.97 kW, 2270.97 kW, 

2351.28 kW, 2270.97 kW, 2868.88 kW and 2270.98 kW; 

which need to be installed at buses 30, 20, 50, 2, 91, 73, 40, 

110 and 79. All the optimal locations are shown in the 

bracket as highlighted in the box of Table 8 for 9 DG-PV 

installations. 

As the number of DGPVs is incrementally increased up to 

nine DGPVs, the total real and reactive power are reduced, 

the minimum voltage is enhanced, and the TVD continues 

to decrease. As shown in Table 8 and Figure 5, the case for 

9 DGPV installations in the system has the lowest total real 

power loss, as the total loss has been reduced to 511.43 kW 

using the IIMFEP as highlighted in the table. Figure 5 

depicts the total real power loss and PLRP derived by the 

IIMFEP method for 1, 3, 5, 7 and 9 DGPV installations. The 

PLRP continues to climb when the number of DGs installed 

in the system increases. The maximum PLRP occurs when 

9 DGPVs are installed in the system. However, the 

percentage difference between seven and nine DGs is only 

1.2 percent.  

To keep the system's real power loss as low as possible, the 

total DGPV capacity must be raised, and additional DG units 

must be installed, as seen in Figure 6. For the largest 

reduction of power loss, a DGPV penetration of 94.26% is 

required 

Figure 7 illustrates the voltage boost in the system caused by 

the IIMFEP approach for multi-DGPV installation in the 

system. The lower the TVD number, the closer the bus 

voltage is to its nominal value in this instance (i.e., 1.0 p.u.). 

According to the table, the TVD for seven DGs is 2.157 p.u.. 

In addition, the TVD for nine DGs is 2.000 p.u.. In Figure 8, 

the voltage profiles of the system, when installed with seven 

and nine DGs, are denoted by red and black lines at the 

extremes of the radar graph. It shows that the bus voltages 

are approaching the nominal value. The voltage profile of 

the system with DG installations is enhanced when 

compared to the voltage profile of the system without DG 

adjustment. 

This study demonstrates that the IIMFEP method beats EP, 

AIS, and MFO for multi-DGPV studies in terms of 

achieving the lowest real power losses. This study also 

illustrates that by adding several DGPVs to a system, the 

lowest voltage may be increased while the TVD is 

decreased; thus, it improves the voltage profile of the 

system. DG penetration level rate of 94.26 percent is 

required, resulting in a total installation of 9 DGPV with a 

total capacity of 21,406,22 kW. As the number of DGPVs 

increased, so did the penetration rate and total DGPV 

capacity installed.  

 

 
Fig. 5 Total real power loss And PLRP Obtained for 

Multi-DGPV Installation using IIMFEP Technique in 

118-Bus RDS. 

 

 

Fig. 6 The Total Installed DGPV capacity and Total 

DGPV Penetration Level Obtained for Multi-DGPV 

Installation using IIMFEP Technique in 118-Bus RDS. 

 
Fig. 7 Total Voltage Deviation and Minimum Bus 

Voltage  Obtained for Multi-DGPV Installation using 

IIMFEP Technique in 118-Bus RDS. 
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F. Effect Of Load Variations On Multi-DGPV 

Installation 

This part investigates the impact of multi-DGPV installation 

on the 118-Bus RDS during load changes, with the goal of 

minimizing total loss. The EP, AIS, MFO, and IIMFEP 

optimization techniques are utilized to determine the 

optimal placements and sizes of the three DGPV units on the 

IEEE 118-Bus RDS under load variations. Table 9 illustrates 

the system's total losses and minimum voltage for six 

distinct loading levels: 60%, 80%, 100%, 120%, 140%, and 

160% from the base load value for uncompensated DG 

devices and with installations of three DGPVs in the system. 

Meanwhile, the optimal sizing and location with DGPVs 

installation under different load variations of the 118-Bus 

system are shown in Table 10. 

The actual power losses on uncompensated DG devices in 

the 118-bus system are 434.97 kW when the load is lowered 

by 40% but climb to 3799.6 kW when the load is increased 

by about 60% of its base value. Meanwhile, when the load 

is lowered by 40% below the base load, the system's 

minimum voltage is 0.9253 p.u., which lowers more as the 

load increases. The minimum voltage is 0.7673 p.u. when 

the system is heavily loaded (60% above the base value).  

When K=0.6, the IIMFEP technique provided the lowest 

overall power losses of 248.08 kW, compared to the MFO, 

AIS, and EP methods, which produced 186.99 kW, 311.57 

kW, and 311.59 kW, respectively. According to Table 7, the 

ideal locations and sizes for DG1, DG2, and DG3 via 

IIMFEP are bus 37, bus 71, and bus 110, with 2073.8 kW, 

1793.54 kW, and 1685.32 kW, respectively. When the load 

increased to approximately 60% of its base value, IIMFEP 

reported the lowest total system loss of 1926.25 kW, 

whereas EP, AIS, and MFO produced 2836.15 kW, 2741.03 

kW, and 1952.34 kW, respectively. For a load factor of 1.6, 

the ideal locations and sizes for DG1, DG2, and DG3 via 

IIMFEP are bus 110, bus 37, and bus 71, with capacities of 

4688.47 kW, 5696.4 kW, and 4989.73 kW, respectively. 

The results for other load factors can be referred at the same 

tables. 

Increases in load factor will result in an increase in overall 

power losses for the 118-bus system, as depicted in Figure 

9. For all load variations on a 118-bus system, the IIMFEP 

technique successfully achieves the lowest total power 

losses. When three DGPVs are integrated into the 118-bus 

system, total power loss is reduced from 434.97 kW to 

248.08 kW, 800.42 kW to 448.3 kW, 1298.07 kW to 712.38 

kW, 1946.08 kW to 1043.7 kW, 2768.87 kW to 1446.13 kW, 

and 3799.6 kW to 1926.25 kW, correspondingly, for load 

factor K=0.6, 0.8, 1.0, 1.2, 1.4, and 1.6 respectively using 

IIMFEP technique. 

As illustrated in Figure 10, the recommended total DG size 

increases as the system's load increases. For all load 

variations in the system, the EP and AIS techniques 

generated larger total DG sizes than the MFO and IIMFEP 

techniques. However, the enormous size of DGs in the 

system does not guarantee minimum power loss. Regarding 

IIMFEP and MFO, they illustrate that more DG real power 

must be supplied when the load grows to counter the 

increase in total system losses. The optimal DG sizes created 

by each technique do not surpass the total real power 

consumption of the 118-bus system for all load variations. 

 

Table 9. Comparison of Simulation Result of EP, AIS, MFO and IIMFEP for Multi-DGPV Installation for 118-Bus RDS 

under Load Variations with 20% Load Increment for Each Interval 

Technique   
Load Factor 

K=0.6 K=0.8 K=1.0 K=1.2 K=1.4 K=1.6 

Without 

DG 

Total APL (kW) 434.97 800.42 1298.07 1946.08 2768.87 3799.60 

Total RPL (kVAr) 329.38 604.88 978.72 1463.54 2076.14 2839.09 

Vmin p.u. 0.9253 0.8979 0.8688 0.8377 0.8041 0.7673 

EP 

Total APL (kW) 311.59 565.76 943.90 1395.28 1952.97 2836.15 

Total RPL (kVAr) 248.38 451.40 712.71 1055.20 1479.32 2372.58 

Vmin p.u. 0.9474 0.9288 0.9115 0.8910 0.8694 0.8468 

 
Fig. 8 Voltage Profile without DG Compensation and 

with 3 DGs Type I Installation using IIMFEP 

Technique in IEEE 118-Bus RDS. 
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AIS 

Total APL (kW) 311.57 565.70 944.36 1396.55 1926.25 2741.03 

Total RPL (kVAr) 248.38 451.41 713.47 1057.02 1471.64 2074.13 

Vmin p.u. 0.9474 0.9288 0.9113 0.8907 0.8690 0.8531 

MFO 

Total APL (kW) 258.35 453.04 675.03 1048.68 1449.93 1952.34 

Total RPL (kVAr) 186.99 326.66 512.82 751.36 1035.16 1403.66 

Vmin p.u. 0.9642 0.9525 0.9399 0.9377 0.9194 0.8996 

IIMFEP 

Total APL (kW) 248.08 448.30 667.28 1043.70 1446.13 1926.25 

Total RPL (kVAr) 177.63 320.13 507.05 745.59 1033.28 1380.19 

Vmin p.u. 0.9642 0.9518 0.9392 0.9262 0.9131 0.8996 

 

Table 10. The Optimal Sizing and Location with DGPV Installation under Different Load Variations of 118-Bus RDS 

Technique  
Load Factor 

K=0.6 K=0.8 K=1.0 K=1.2 K=1.4 K=1.6 

EP 

Sizes 

of 

DGs 

(kW)/

Bus 

2225.04 (68) 2966.72 (68) 2626.76 (106) 3152.73 (106) 3678.19 (106) 16211.71 (101) 

6748.20 (63) 8997.63 (63) 3125.78 (56) 3752.07 (56) 4377.41 (56) 7380.63 (67) 

1597.88 (112) 2130.50 (112) 4509.52 (67) 5412.50 (67) 6314.58 (67) 5023.63 (110) 

AIS 

Sizes 

of 

DGs 

(kW)/

Bus 

2223.85 (68) 2962.09(68) 2592.02 (106) 3090.18 (106) 3580.63 (106) 8112.31 (73) 

6745.51 (63) 8985.50(63) 3106.23 (56) 3715.71 (56) 4334.39 (55) 4585.84 (109) 

1595.30 (112) 2121.81(112) 4486.23 (67) 5369.60(67) 6274.52(67) 6273.10 (42) 

MFO 

Sizes 

of 

DGs 

(kW)/

Bus 

2073.76 (37) 1816.78 (40) 2702.30 (111) 3756.66 (109) 4400.02 (38) 5696.55 (37) 

1424.40 (118) 2410.06 (71) 3015.72 (49) 3675.47 (71) 4326.08 (71) 3633.56 (110) 

1793.48 (71) 2459.84 (109) 2985.47 (71) 3299.04 (40) 4423.87 (109) 4989.80 (71) 

IIMFEP 

Sizes 

of 

DGs 

(kW)/

Bus 

2073.80 (37) 2779.34(37) 2978.57 (71) 3756.66 (109) 4424.02 (109) 4677.47 (110) 

1793.54 (71) 2410.13(71) 3119.86 (109) 3675.38 (71) 4326.25 (71) 5696.40 (37) 

1685.32 (110) 2459.79(109) 2883.17 (50) 4217.76 (37) 4951.64 (37) 4989.73 (71) 

When the system is under light load (40 percent of normal 

load), the minimum voltage without DG compensation is 

0.9253 p.u. When three DGPVs are optimally located in the 

system, the minimum voltage in the system is improved to 

0.9474 p.u. using EP and AIS, and 0.9642 p.u. using MFO 

and IIMFEP, respectively. Meanwhile, under heavy load (60 

percent of normal load), the system's minimum voltage 

increased from 0.7673 p.u. to 0.8468 p.u. via EP, 0.8531 p.u. 

via AIS, and 0.8996 p.u. via MFO and IIMFEP. Figure 11 

shows the voltage profile of the uncompensated system 

under load variations. It can be seen that the voltage profile 

of the system is getting poorer as the real and reactive power 

load demand in the systems increases. The worst voltage 
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profile occurs when the load factor is 1.6 of the base load, as 

depicted on the innermost side of Figure 11's radar graph. 

Meanwhile, Figure 12 illustrates the voltage profiles of the 

compensated system with three DGPVs under load 

variations using the IIMFEP technique. The voltage profile 

of the compensated system is enhanced with the installation 

of three DGPVs in the system compared to without DG 

installation. As the load in the system increases from light to 

heavy load, even with three DGs installed, the system's 

minimum voltage deteriorates to the point where it is below 

the voltage limit for load factors of 1.0, 1.2, 1.4 and 1.6, 

respectively. Using the IIMFEP technique, the system's 

minimum voltage is 0.9642 p.u., 0.9518 p.u., 0.9392 p.u., 

0.9262 p.u., 0.9131 p.u., and 0.8996 p.u. for load factors 

K=0.6, 0.8, 1.0, 1.2, 1.4, and 1.6, respectively.  

This study reveals that the IIMFEP method achieves the 

lowest total APL among EP, AIS, and MFO methodologies 

for multi-DGPV investigations under load variations. As the 

system load is adjusted, the IIMFEP technique successfully 

identifies three DGPVs' ideal sizes and positions in a 118-

Bus RDS. When the system load increased by 20%, from 

60% of the base load to 160% of the base load, the overall 

power loss increased, the voltage profile of the system 

deteriorated, and the minimum bus voltage reduced. This 

study demonstrates that for load factors of 0.6, 0.8, and 1.0, 

the installation of three DGPVs with optimal sizes and 

placements can reduce the system's power loss, raise the 

minimum bus voltage above the minimum voltage 

limitation, and improve the voltage profile of the system. As 

the system load exceeds the base load (1.2, 1.4, and 1.6), the 

installation of three DGPVs reduces the total APL and 

improves the voltage profile; however, the lowest voltage is 

still below the minimum voltage restriction. It is 

recommended to install more than three DGs in a 118-Bus 

RDS to fulfil the load demand in excess of the base load, 

hence lowering the total APL and maintaining the minimum 

bus voltage within the voltage limit. 

G. Comparative Analysis of 118-Bus RDS 

 

To further verify the efficacy of the proposed IIMFEP 

method in the 118-Bus system, simulation results are 

compared to those obtained using alternative methods, such 

as the Salp Swarm Algorithm (SSA), the Sine Cosine 

Algorithm (SCA), the Whale Optimization Algorithm 

(WOA), and the Grey Wolf Optimizer (GWO). Table 8 

displays the results for the 118-Bus RDS system, including 

 
Fig. 10 Total DG Sizes under Load Variations for IEEE 

118-Bus RDS 

 

 
Fig. 12 Voltage Profile with DGPVs Compensation 

using IIMFEP for IEEE 118-Bus RDS under Load 

Variations 

 

 

 
 

Fig. 9 Total APL with and without DGPV under Load 

Variations  for IEEE 118-Bus RDS. 

 
 

Fig. 11 Voltage Profile without DG Compensation for 

IEEE 118-Bus RDS under Load Variations 
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optimal DG placements and sizes derived from various 

approaches and proposed IIMFEP technique for base case 

condition. Based on Table 11, it can be observed that the 

IIMFEP technique achieves the lowest total APL when 

installing three, five, seven and nine DGPVs in 118-Bus 

RDS for base case conditions compared with SSA, SCA, 

WOA and GWO techniques. 

Table 11. Comparison Results of IIMFEP, SSA, SCA, WOA and GWO for Multi-DGPV Installation in 118-Bus System 

DG 

Units 
  IIMFEP SSA SCA WOA GWO 

Three 

DGPVs 

DG sizes 

(kW)/Bus  

2978.57 (71), 

3119.86 (109), 

2883.17 (50) 

3119.48 (109), 

3540.47 (35), 

2978.46 (71) 

2271 (51), 

2271 (75), 

2857 (110) 

2635.15 (50), 

2929.31 (110), 

3054.58 (71) 

3276.87 (50), 

2793.54 (71), 

4111.73 (108) 

Total APL (kW) 667.28 677.57 694.82 668.62 688.16 

Five 

DGPVs 

DG sizes 

(kW)/Bus  

2857.79 (71), 

6454.16 (29), 

2512.90 (50), 

2520.11 (79), 

3118.73 (109) 

3235.43 (109), 

2697.43 (72), 

2596.26 (40), 

2743.21 (50), 

2491.06 (86) 

2270.97 (28), 

2590.65 (52), 

3096.11 (108), 

2710.78 (9), 

2270.97 (73) 

2497.05 (96), 

2270.97 (41), 

2431.06 (72), 

2546.75 (51), 

2544.52 (110)  

3244.57 (70), 

2624.47 (50), 

2723.94 (36), 

2505.74 (6), 

4152.67 (108) 

Total APL (kW) 581.57 590.07 665.22 597.78 660.07 

Seven 

DGPVs 

DG sizes 

(kW)/Bus  

2270.97 (40), 

2699.48 (50), 

2270.97 (96), 

2869.17 (110), 

2270.97 (80), 

2270.97 (20), 

2612.53 (71) 

2352.27 (50), 

3028.47 (30), 

2270.97 (41), 

2270.97 (91), 

2575.73 (110), 

2270.97 (102), 

2443.66 (73) 

2984.14 (81), 

3780.11 (109), 

2395.65 (73), 

4205.28 (34), 

5608.97 (6), 

2767.46 (2), 

3657.45 (3) 

2316.27 (91), 

2317.30 (50), 

2317.19 (41), 

2317.19 (73), 

2317.19 (110), 

2319.06 (21), 

2317.44 (80) 

3127.30 (50) 

,2703.48 

(72),2615 (6), 

3743.63 (109), 

2848.97 (79), 

2405.49 (30), 

2307.10 (19) 

Total APL (kW) 527.07 557.31 658.13 538.35 581.83 

Nine 

DGPVs 

DG sizes 

(kW)/Bus  

2496.91 (30), 

2270.97 (20), 

2334.28 (50), 

2270.97 (2), 

2270.97 (91), 

2351.28 (73), 

2270.97 (40), 

2868.88 (110), 

2270.98 (79) 

2396.62 

(11),2335.62 

(73), 2270.97 

(89), 2282.79 

(36), 2275.24 

(50), 2270.97 

(55), 3183.47 

(109), 2270.97 

(39), 2287.68 

(79) 

2270.97 (2), 

3654.56 (34), 

3647.84 (108), 

2270.97 (5), 

3098.27 (72), 

2718.63 (29), 

2270.97 (87), 

2270.97 (2), 

2270.97 (68) 

2270.97 (30), 

2270.97 (110), 

2270.97 (40), 

2270.97 (96), 

2270.97 (5), 

2270.97(74), 

2270.97 (50), 

2270.97 (103), 

2270.97 (64) 

3630.37 (2), 

3801.39 (109), 

2275.88 (14), 

3158.58 (71), 

2727.94 (79), 

2614.27 (35), 

2922.78 (4), 

3413.24 (3), 

2321 (4) 

Total APL (kW) 511.43 530.53 680.31 546.01 637.29 

5. Conclusions 

This study solves the optimal DGPV allocation problem in 

118-Bus distribution networks using a newly upgraded 

method called IIMFEP. The issue under examination 

explores the optimal position, size, and number of DGs for 

integration into an RDS to accomplish a technical goal of 

total active power loss reduction while considering network 

and DG operational constraints. Then, the IIMFEP method 

is further evaluated to identify the size and locations of three 

DGs in the system based on load variations. 

The suggested IIMFEP method was compared to EP, AIS, 

and MFO methods. The IIMFEP strategy beat the other three 

strategies in all cases, producing the lowest total APL and 

the highest PLRP rating. Using the IIMFEP method, the 

system's total APL is reduced to 1016.69 kW, 667.28 kW, 

581.57 kW, 527.07 kW, and 511.43 kW when 1, 3, 5, 7, and 

9 Type 1 DGs are installed, respectively. When the real and 

reactive power load demand varies between 60%, 80%, 

100%, 120%, 140%, and 160% of the base load, the total 

APL of the system increases. The IIMFEP technique 

produces the lowest total APL, which is 434.97 kW, 800.42 

kW, 667.28 kW, 1043.70 kW, 1446.13 kW, and 1926.25 
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kW, when three DGs are installed in the system with load 

factors of 0.6, 0.8, 1.0, 1.2, 1.4, and 1.6, respectively. As a 

result, it is feasible to conclude that the IIMFEP technique 

is an excellent solution for addressing large-scale technical 

challenges associated with optimal DG allocation in 

distribution networks. 
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