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Abstract: The increased penetration of Renewable Energy Resources (RES),like solar and wind energy, into the grid, 

has addressed climate change challenges but also contributed to power system instability. This study proposes a 

methodology for the optimal allocation of solar and wind energy on the IEEE-33 bus radial distribution network to 

enhance the voltage profile and reduce active power losses. The methodology identifies the three most critical buses 

susceptible to voltage instability using the Fast Voltage Stability Index (FVSI) method. Various types and sizes of RES 

are allocated to these buses to evaluate their impact on voltage profile improvement and power loss reduction. 

Simulations are conducted using MATPOWER in MATLAB software. Results show that voltage profile enhancement and 

power loss reduction depend on the type, size, and location of RES, demonstrating the methodology's effectiveness 

compared to related studies. 
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1. INTRODUCTION  

Conventional energy resources are major contributors to 

climate change due to their high carbon dioxide and 

greenhouse gas emissions [1]. Therefore, to combat 

climate change and achieve a net-zero emission society, 

there has been a global shift towards Renewable Energy 

Resources (RES), primarily wind and solar energy, which 

are clean, abundant, and sustainable [2], [3], [4]. 

However, RES face technical challenges due to their 

inappropriate integration into the existing electrical 

power distribution network, which may increase power 

losses and adverse effects on voltage profiles, leading to 

increased costs [5], [6]. Consequently, RES should be 

optimally allocated to ensure improved voltage stability, 

power quality, reliability, and minimized power losses, 

thereby enhancing the performance of the electrical grid. 

[7]. 

The literature review reveals that numerous authors have 

proposed various methods, including optimization and 

sensitivity-based approaches, to determine the optimal 

allocation of RES in electrical  grid. Authors in [8] , 

proposed Particle Swarm Optimization (PSO) and 

Differential Evolution algorithms for the optimal 

placement of different RES to reduce active power losses 

on some of the IEEE Radial Distribution Networks. The 

best results were obtained with PSO. Authors in [9] 

proposed a hybrid optimization method using PSO and 

Harris Hawks Optimization (HHO) method to reduce 

annual active power losses and enhance the voltage 

stability index through the optimal allocation of wind and 

solar energy on some of the selected IEEE radial 

distribution networks and the 94-bus system of the 

Portuguese radial distribution network. The authors in 

[10] proposed using Genetic Algorithm (GA) to 

optimally place various types of RES on the IEEE 33 and 

69 bus radial distribution networks to minimize total 

active power losses.Authors in  [11] proposed a Political  

Optimization algorithm to optimally allocate different 

types of distribution generations and shunt capacitors to  

 

 

enhance voltage stability and minimize active power 

losses in 24 hours ,on the IEEE-33 bus radial distribution 

network. Authors in [12] proposed using the PSO 

algorithm to optimally place a single type of RES with a 

maximum penetration of 41.15% to reduce active power 

losses on the IEEE-33 bus radial distribution network. 

The student Psychology-Based Optimization algorithm 

and HHO algorithm were used in [13] to optimally place 

RES with cost analysis. The method was successfully 

tested on the IEEE-33 and 69-radial distribution 

networks and the Brazilian -136 bus radial distribution 

network. Authors in [14] proposed optimal allocation and 

sizing of RES using PSO and voltage stability index 

(VSI) to enhance voltage profile and reduce active power 

losses. The proposed approach was tested and 

implemented on the IEEE-33 and IEEE-69 bus radial 

distribution network. The new VSI method and the GA is 

proposed in [15] to identify the most sensitive bus to 

voltage collapse to allocate RES on some of the selected 

IEEE radial distribution network.  

From the literature survey, although various approaches 

for the optimal allocation of RES are based on the VSI, 

no research has specifically addressed the allocation of 

RES on the three most critical buses of the IEEE-33 bus 

radial distribution network identified by the Fast Voltage 

Stability Index (FVSI) method. Therefore, this research 

proposes the identification and allocation of RES on the 

three most critical buses of the distribution network using 

the FVSI method to enhance voltage profile and reduce 

active power losses. Additionally, this research considers 

the impact of the location of RES on voltage profile 

improvement and active power loss minimization by 

comparing the simulation results with those from the 

literature, an area previously unaddressed.  

The first section of the paper serves as an introduction. 

The rest of the paper is divided into five sections. The 

mathematical formulation of VSI is presented in section 

two. Section three describes the study's methodology. 
Section four presents the results and discussion.  

68



2 
 

Section five provides the conclusion, and the final section, 

section six, lists some of the selected references for the 

study. 

 

2. PROBLEM FORMULATION 

The Fast Voltage Stability Index (FVSI) presented in [16] 

is used to calculate the VSI of each bus in the IEEE 33-

bus radial distribution network. The FVSI values range 

from 0 to 1, where a higher index value close to 1 

indicates lower voltage stability, while a lower index 

value close to 0 indicates higher voltage stability. The 

mathematical formulation of FVSI is presented in 

Equation 1. 

 

FFVSI =  
4Zij

2Qj

Vi
2Xij

                                                (1) 

 

 

Where; 

 

Zij represents  the branch  impedance linking  bus i to  

bus j 
Qj is the receiving end reactive power flow   

Vi represents the sending  end voltage magnitude 

   
Xij represents the branch  reactance linking  

 bus i to bus j 
 

This study uses the IEEE 33-bus radial distribution 

network, operating at a nominal voltage of 12.66 kV. It 

comprises  32 branches and 33 buses, with the slack bus 

connected to bus 1. The remaining buses are connected 

to active loads totaling 3.72 MW and reactive loads 

totaling 2.3 MVAr [17]. The details of the network are 

presented in [17],and the topology is shown in Figure 1. 

The network was modified in MATPOWER version 7.1 

using MATLAB R2023b. The load flow method used in 

this study is the Newton-Raphson method, which is more 

efficient and less prone to divergence [18]. 

3. METHODOLOGY 

The flow chart adopted to determine the optimal location 

of RES is as shown in Figure 2. This procedure assesses 

how different types and sizes of RES,based on their 

location within the distribution network,affect voltage 

profile  improvement and active power loss reduction 

.Load flow studies using the Newton-Raphson method 

for the distribution network, modified in MATPOWER, 

are first conducted to determine the power flows. The 

power flow solutions are then used to calculate the VSI 

at different buses using Equation (1). The three most 

sensitive buses, with the highest voltage stability indices, 

are selected as the most critical buses. Next, the 

distribution network is modified in MATPOWER to 

allocate different RES types and sizes to the critical buses 

identified by the FVSI. Finally, load flow studies are 

conducted to determine the power flow solutions and 

assess the impact of different types of RES, their sizes, 

and locations on voltage profile and active power loss. 

          

Fig. 1. The IEEE 33-Bus distribution network 

 

 
 

Fig. 2. Proposed flow chart for optimal location of RES.  

   

4. RESULTS AND DISCUSSIONS 

4.1 Baseload case: Scenario I 

In Figure 3,  the voltage profile simulation results are 

presented for the baseload case of the IEEE 33-bus 

distribution network,where no  RES are incorporated. At 

baseload case, the total active power loss is 0.20 MW, 

while the total reactive power loss is 0.14 MVAr. The 

active power losses at each bus are presented in Figure 5. 

Figure 4 presents the simulation results for the voltage 

stability indices at different buses of the distribution 

network. Bus number 6 is the most critical bus, with the 

highest FVSI value of 0.712, followed closely by bus 3, 

with an FVSI value of 0.695, and bus number 28, with an 
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FVSI value of 0.563. Buses 6, 3, and 28 were selected as 

the most critical buses for the optimal location of the 

RES. 

 
Fig. 3. IEEE 33-Bus distribution network voltage profile 

 

 
Fig. 4. IEEE 33-Bus distribution network FVSI 

 

4.2 Solar PV: Scenario II 

Table 1 shows the different sizes of solar PV used in 

Scenario II, obtained from [19]. These solar PVs are 

arranged into three groups based on their sizes and 

locations. 

In group one, only one solar PV, is allocated to bus 

number 6, which is identified as the most critical bus. The 

simulation results show the voltage profile, as depicted in 

Figure 5, with a total active power loss of 0.105 MW. 

In group 2, two solar PV with different sizes are allocated 

to bus numbers 6 and 3. These buses have the highest 

FVSI values and are, hence, the most critical for voltage 

instability. The simulation results show the voltage 

profile, as depicted in Figure 5, with a total active power 

loss of 0.104 MW. 

 In group three, three solar PVs with different sizes are 

allocated to bus numbers 6, 3, and 28, which are the most 

critical buses for voltage instability.  

The simulation results show the voltage profile, as 

depicted in Figure 5, with a total active power loss of 

0.093 MW. 

 

4.3 Wind generator: Scenario III 

From Table 2, six different sizes of wind generators are 

arranged into three distinct groups for use in Scenario III. 

In group one, only one wind generator, is allocated to bus 

number 6, which is identified as the most critical bus. The 

simulation results show the voltage profile, as depicted in 

Figure 7, with a total active power loss of 0.064 MW. 

In group two, two wind generators with different sizes, 

are allocated to bus numbers 6 and 3, which have the 

highest FVSI values and are hence the most critical buses 

for voltage instability. The simulation results show the 

voltage profile, as depicted in Figure 7, with a total active 

power loss of 0.053 MW.  

In group three, three wind generators with different sizes, 

are allocated to bus numbers 6, 3, and 28. The simulation 

results show the voltage profile, as depicted in Figure 7, 

with a total active power loss of 0.049 MW. 

 

Table 1. Different sizes of solar PV, with their 

corresponding optimal location [19] 
 

Solar PV          Size                        Bus    

Group         kW    kVar 

1        2589.6                ---                        6 

2         1898.7 

                                

    ---                        6 

 

           649.9                           ---                        3 

   

     3               1277.3     ---                        6 

                        986.1               ---                        3 

            691.1     ---                      28 

    

 

Table 2. Different sizes of wind generators with their 

corresponding optimal location [19] 
 

Wind          Size                            Bus           

Group          kW    kVar 

1          2558.2   1761.1                  6 

2          1171.2 

                                

  188.1                    6 

 

          1095.4                         1667.0                  3 

   

 3                1058.9     832.9                  6 

                         967.7               832.6                  3 

             537.8     597.3                28 

    

 

4.4 Scenario II simulation results 

From Figure 5, the voltage profile at the baseload 

scenario improves with an increase in the size of 

penetration of solar PV. Specifically, the voltage at bus 

18, which initially had the lowest voltage of 0.90 per unit , 

improved to 0.98 per unit. Further improvements in the 

voltage profile at this bus are observed with the addition 

of 2 solar PV and 3 solar PV. The graph clearly shows 

that the voltage profile is enhanced with the increasing 
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penetration of various solar PV sizes, with larger sizes 

resulting in higher voltage improvements. Additionally, 

all bus voltages with solar PV fall within the acceptable 

voltage limits. Figure 6 presents graphs showing the total 

active power losses incurred before and after the 

inclusion of solar PV in baseload scenario I, where no 

solar PV is installed, with the total active power loss 

being 0.20 MW. However, with the inclusion of Solar PV, 

the losses are significantly reduced. Specifically, the 

power losses decrease to 0.105 MW with 1 solar PV, 

0.104 MW with 2 solar PV, and 0.093 MW with 3 solar 

PV.  

4.5 Scenario III simulation results 

Figure 7 shows that the voltage profile at the baseload 

case improves with an increase in the size of the 

penetration of the wind generator. Specifically, the 

voltage at bus 18, which initially had the lowest voltage 

of 0.90 per unit , improved to 0.98 per unit. with the 

implementation of the wind generator. Further 

improvements in the voltage profile at this bus are 

observed with the addition of 2 wind generators and 3 

wind generators.The graph shows that the voltage profile 

is enhanced with the increasing penetration of various 

sizes of wind generators, with larger sizes resulting in 

higher voltage improvements. Additionally, all bus 

voltages with wind generators fall within the acceptable 

voltage limits. Figure 8 presents graphs that illustrate the 

active power losses incurred in the buses of the 

distribution network before and after the inclusion of the 

wind generator. In the baseload scenario 1, where no 

wind generators are installed, the power losses amount to 

0.20 MW. However, with the inclusion of wind 

generators, the losses are significantly reduced. 

Specifically, the power losses decrease to 0.064 MW with 

1 wind generator, to 0.053 MW with 2 wind generators, 

and to 0.049 MW with 3 wind generators. This reduction 

in power losses with the inclusion of wind generators . 

From the graph, it is also evident that the power losses 

are significantly reduced by the size of the wind generator 

installed at the most critical buses identified by the FVSI 

voltage stability index. 

4.6 Comparison of Scenario II and Scenario III 

Figures 5 and 7 show the impact of installing solar PV 

and wind generator, respectively, on the voltage profile 

of the IEEE-33 radial bus distribution network. From 

these figures, the voltage profile is improved, and all bus 

voltages remain within acceptable limits. This 

improvement is due to the higher active power compared 

to reactive power injected by the RES, which 

compensates for real power losses, thereby reducing 

overall power losses and enhancing the voltage profile. 

The impact of installing solar PV and wind generators on 

the active power losses of the distribution network is 

depicted in Figure 6 and 8,respectively. From these 

figures, it is evident that the installation of wind generator 

significantly reduces the active power losses compared to 

Solar PV. This difference is attributed to the reactive 

power injected by the wind generator. 

 

Fig. 5 Voltage profile of the IEEE-33 bus radial 

distribution network with different penetrations of solar. 

PV. 

 

Fig.6. Power loss reduction using different sizes of solar 

PV. 

 
Fig.7. Voltage profile of the IEEE-33 bus radial 

distribution network with different penetration of wind 

generator. 
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Fig.8. Power loss reduction using different sizes of wind 

generator. 

 

4.7 Validation 

Tables 3 and 4 compare the different types, sizes, and 

locations of solar PV and wind generators, respectively, 

used in this study, along with the results of related studies 

recorded in [19].  

 

Table 3. Comparison with other methods using solar PV 

 

Table 4. Comparison with other methods using wind  

Table 3 demonstrates that the size and location of solar 

PV significantly impact the amount of active power loss 

reduction within the distribution network.  The 

percentage of active power loss reduction increases with 

the size of the solar PV installed on the buses, both for 

the proposed approach and for the results recorded in [19]. 

Additionally, Table 3 shows that the solar PV location 

also contributes to power loss reduction. The optimal 

location selected by the PSO algorithm in [19] shows a 

significant power loss reduction compared to the 

proposed approach. Table 4 demonstrates that the size 

and location of the wind generator significantly impact 

the amount of active power loss reduction within the 

IEEE-33 bus radial distribution network. The percentage 

of active power loss reduction increases with the size of 

the wind generator installed on the buses, both for the 

proposed approach and for the results recorded in [19]. 

The location of the wind generator also contributes to 

power loss reduction. The optimal location selected by 

the PSO algorithm in [19] shows a significant power loss 

reduction compared to the proposed approach. In Tables 

3 and 4, it is evident that the installation of a wind 

generator significantly reduces the active power losses 

compared to solar PV. This difference is attributed to the 

reactive power injected by the wind generator. 

 

5. CONCLUSION 

This paper proposed the optimal allocation of different 

sizes of solar PV and wind generators on the IEEE-33 bus 

radial distribution network, focusing on the three most 

critical buses identified by the FVSI voltage stability 

index.  

 

 

 

The results of the proposed approach proved its 

effectiveness in optimal allocation of RES compared to 

other related studies. The simulation results indicated 

that ,the voltage profile improvement and power losses 

reduction, are significantly influenced by several factors: 

the type of RES installed, their size, and their specific 

location within the distribution network. In summary, the 

findings emphasize the importance of careful planning 

and optimal allocation of RES to maximize their benefits, 
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Solar PV Size                Bus number                                       % power loss reduction 

Number kW                 kVar (proposed)              [19]                               (proposed)                     [19] 

1 2589.6              ---   6                                6                                         47.4                        47.39 

2 1898.7              --- 

 

  6                                6                                         48.8                        56.73 

 

 649.9                ---   3                              14 

   

3 1277.3              ---   6                              29                                         54.2                        64.88 

 986.1                ---   3                              24 

 691.1                --- 28                              14 

   

Wind Generator         Size                   Bus number                           % power loss reduction 

Number kW                kVar (proposed)        [19]              (proposed)                       [19] 

            1 2558.2           1761.1    6                         6                      68                                 67.84 

           2 1171.2            188.1 

                                

   6                        11                    73.5                             80.65 

 

 1095.4          1667.0              3                        30                    

   

           3        1058.9            832.9                               6                       24                     75.86                            90.70 

                  967.7            832.6                          3                       30 

      537.8            597.3           28                       13 
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which is crucial for achieving sustainable and efficient 

energy systems. 
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