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 The aim of this research is to determine the optimal location and size of a 

minimum number of distributed generators (DGs) needed to maintain the 

stable operation of an IEEE 85-bus distributed network. The main objective 

is to ensure the stability of the distribution network by optimizing the 

placement and capacity of DGs. This is accomplished through the utilization 

of particle swarm optimization (PSO). The stability of the distribution 

network is checked by evaluating the voltages and power losses using load 

flow. The stability of the distribution network is assessed using boundary 

criteria that are not altered by more than 5% of the nominal voltage value. 

The distribution network voltage stability is assessed using various case 

studies, one of that involves a change in load driven by connecting WDG 

and the other by a change in power supply from wind DGs due to varying 

wind speed. The PSO is implemented in IEEE-85 bus distribution network 

using MATLAB software. 
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1. INTRODUCTION 

Distributed generation can improve the reliability of the electrical grid by reducing the risk of 

widespread outages. Since power is generated locally, disruptions in one area are less likely to affect other 

areas. Distributed generation can provide ancillary services to the grid, such as voltage support, frequency 

regulation, and reactive power control. By actively managing distributed energy resources, grid operators can 

improve the stability and efficiency of the electrical grid. Voltage and frequency regulation algorithms are 

employed to ensure that the output of distributed generators (DGs) systems matches the grid’s voltage and 

frequency. Proportional-integral-derivative (PID) control algorithms are commonly used for voltage and 

frequency regulation, adjusting the output of the DG system based on grid measurements. Synchronization 

algorithms are used to synchronize the output of the DG system with the grid before connection. Phase-

locked loop (PLL) algorithms are frequently used for synchronization, detecting the phase and frequency of 

the grid and adjusting the output of the DG system accordingly. Anti-islanding algorithms are essential to 

detect and prevent DG systems from operating in islanded mode when grid connection is lost [1].  

Passive methods, such as impedance measurement and frequency deviation detection, as well as 

active methods, such as disturbance injection and rate of change of frequency (ROCOF) detection, are used 

for anti-islanding detection [2]. Active power control algorithms enable DG systems to regulate their active 

power output based on grid conditions and control signals [3]. Droop control algorithms are commonly used 

for active power control, adjusting the output of the DG system in proportion to frequency deviations from 

the nominal value [4], [5]. Reactive power control algorithms are used to regulate the reactive power output 
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of DG systems to support voltage regulation and power factor correction [6], [7]. Voltage regulation 

algorithms adjust the reactive power output of the DG system based on grid voltage measurements to 

maintain voltage within acceptable limits [8]. Active power filters and voltage regulation algorithms are used 

to compensate for harmonics and voltage fluctuations caused by non-linear loads or grid disturbances. MPPT 

algorithms optimize the output of renewable energy-based DG systems, such as solar photovoltaic (PV) and 

wind turbines, by tracking the maximum power point of the renewable energy source [9].  

The performance of distribution network is evaluated by connecting photovoltaic (PV) using 

different optimization algorithms [10], [11]. Power quality enhancement algorithms improve the quality of 

power delivered by DG systems by mitigating harmonics, voltage sags, and other disturbances [12]. Load 

balancing and demand response algorithms optimize the operation of DG systems to match generation with 

local demand and grid conditions. Predictive algorithms, machine learning techniques, and optimization 

algorithms are employed to forecast load demand and adjust the operation of DG systems accordingly [13], [14]. 

Particle swarm optimization (PSO) is one of the popular optimization technique which is used for optimal 

location and size of DGs [15], [16]. 

 

 

2. PSO ALGORITHM 

The PSO technique is modelled after the social interactions and dynamic motions of insects, birds, 

and fish. A swarm of agents, or particles, is used in this method to move throughout the search space in 

search of the optimal location. Based on both its own and other particles’ flying experiences, every particle in 

search space modifies its flight path. The particle with the highest fitness value is in the best position 

globally. Position, velocity, and previous best position are the three parameters for every particle. Gathering 

of flying particles (swarm)-search for evolving solutions. 

Every member of the population and associated particle in PSO has a variable velocity that 

determines how it travels around the search space in D-dimensional space, the ‘i’ th particle is (1). 

  
 𝑋𝑖𝑖

= {𝑥𝑖1 , 𝑥𝑖2, … , 𝑥𝑖𝑑} (1) 

 

The relevant velocity is represented by another D-dimensional vector is given (2). 

 

𝑉𝑖
𝑡+1 = 𝑊 ∗ 𝑉𝑖

𝑡 + 𝛼 ∗ r and ()∗ (𝑋pbest − 𝑋𝑖
𝑡) + 𝛽 ∗ rand ()∗ (𝑋Gbest − 𝑋𝑖

𝑡) (2) 

 

The position of each particle is updated every generation is given (3). 

 

𝑋𝑖
𝑡+1 = 𝑋𝑖

𝑡 + 𝑉𝑖
𝑡+1 (3) 

 

In this work, the particle is represented as DG location and size as shown in Figure 1. 

 

 

 
 

Figure 1. Individual particle 

 

 

The variable parameters of the PSO algorithm are given as follows: 

Maximum number of iterations = 100 

Number of DG units = 10 

particle size=40 

𝛼 =2 

𝛽 =2 
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W = Wmax − (
Wmax−Wmin

itermax
) ∗  iter  

 

Where Wmax =0.9 and Wmin = 0.4. 

 

 

3. WIND POWER GENERATION 

In the production of wind electricity for the wind power system to operate safely and steadily, it is 

important to plan ahead and coordinate the active and reactive power of wind farms with the grid [17], [18]. 

Slow manual reserves can be used to compensate for the wind power lost as a result of WTs shutting down 

during the storm [18], [19]. Because wind turbine rotors are totally disconnected from the grid, they are 

unable to adapt to changes in system frequency or take part in power system frequency control [20], [21]. 

The wind generator’s output power is zero when the wind speed is below the critical speed. Using realistic 

data, a power estimation method based on Gaussian regression accurately describes various turbine types and 

locations [22], [23]. a model to depict the correlation between wind speed and wind turbine outage 

probabilities [24], [25]. 
 

 

4. RESULTS AND ANALYSIS 

The PSO method has been applied to a radial distribution network for optimal location and power 

supply of ten wind DG. The results of the study of wind generator’s locations and power supplies are 

presented in a Table 1. The following case studies are used to assess and explain the distribution network’s 

performance. 
 

 

Table 1. Optimal location and power supply of 10 wind distributed generators 

Wind generators number 
PSO 

Bus No. Supply power (kVA) 

Wind Generator-1 83 291.237 

Wind Generator-2 53 297.733 

Wind Generator-3 51 284.483 
Wind Generator-4 29 274.201 

Wind Generator-5 85 221.702 

Wind Generator-6 63 298.447 
Wind Generator-7 82 289.089 

Wind Generator-8 29 286.471 

Wind Generator-9 69 197.508 
Wind Generator-10 82 275.431 

 
 

4.1.  Case study 1: DN voltages at 125% of full load 

With the change in load, the voltages and power losses in the DN are computed when DG units are 

connected. Once DGs are connected in DN, their positions should not be changed. The voltages and power 

losses are calculated when loads change. Figure 2 shows the DN voltages at 125% of full load, the minimum 

voltage is 0.956 per unit at bus number 75. 
 

 

 
 

Figure 2. Voltages (P.U) of DN at 125% full load 
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4.2.  Case study 2: DN voltages at 100% of full load 

The voltage results are displayed in Figure 3. Bus number 84 has a maximum distribution network 

voltage of 1.012 per unit, while bus number 75 has the lowest voltage of 0.982 per unit. All buses’ voltages 

are within the acceptable range (0.95 < V < 1.05). 

 

 

 
 

Figure 3. Per unit voltages of DN at 100% full load 

 

 

4.3.  Case study 3: DN voltages at 75% of full load 

The voltage results at 75% of the full load is shown in Figure 4. Bus number 22 has a minimum 

distribution network voltage of 0.995 per unit, whereas bus number 84 has a maximum voltage of 1.033 P.U. 

The distribution network operates steadily as a result. 

 

 

 
 

Figure 4. Per unit voltages of DN at 75% full load 

 

 

4.4.  Case study 4: DN voltages at 50% of full load 

The voltage results at 50% of full load shown in Figure 5. Bus number 84 has the maximum DN 

voltage of 1.054 per unit, while bus number 16 has the lowest voltage of 1.00 per unit. The distribution 

network is unstable in this case study because the maximum voltage of 1.056 exceeds the maximum 

boundary limit of 1.05 P.U. 

The voltage stability of DN is investigated from the aforementioned case studies and shown in the 

Table 2. The distribution network became unstable when the voltage boundary limit exceeded at 50% of full 

load. The changes in load have an impact on power losses. The power losses resulting from changes in the 

load are given in Table 3. 
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Figure 5. Per unit voltages of DN at 50% full load 
 

 

Table 2. The change in voltages at variable loads 
Load Minimum per 

unit voltage 

Maximum per unit 

voltage 

The average voltage 

of 85 buses 

Deviation of minimum 

voltage (%) 

Deviation of 

maximum voltage (%) 

125% 0.956 1 0.970 4.4 (drop) 0 

100% 0.982 1.012 0.993 1.8 (drop) 1.2(rise) 
75% 0.995 1.033 1.013 0.5 (drop) 3.3(rise) 

50% 1 1.054 1.033 0 5.4 (rise) 

 

 

Table 3. Power losses of DN with the change of loads 
Change of load (%) Power losses(kW) 

125 47.4 

100 18.8 
75 22.0 

50 52.3 

 

 

The connection of DG units with fixed locations and sizes leads to abnormal voltage changes and 

loss of power with load changes, which leads to damage to the loads and a decrease in the efficiency of the 

DN. This problem has been overcome by controlling the supply power of the DG units when the load 

changes. The fixed locations and different sizes of DG units are connected in DN with load changes using 

PSO for a reliable and high-quality power supply. The fixed locations and different sizes of DG units with 

load changes are indicated in Table 4. The voltages of DN for different sizes of DG units with load changes 

are shown in Figure 6.  
 

 

Table 4. Variable power supply of DG units in DN with the change of loads 
DG number Bus number Power supply of DGs units (kVA) 

125% Load 100% Load 75% Load 50% Load 

DG -1 83 304 291.2 40.4 52.3 

DG -2 53 132.7 297.7 178.9 190.2 
DG -3 51 304 284.4 224.9 16.0 

DG -4 29 304 274.2 304 166.6 

DG -5 85 279.7 221.7 45.6 140.6 
DG -6 63 78.5 298.4 304 185.5 

DG -7 82 128.0 289.0 188.2 48.4 

DG -8 29 304 286.4 304 304 
DG -9 69 304 197.5 304 251.4 

DG -10 82 304 275.4 304 93.8 

 

 

Table 5 shows the mean values of 85 bus voltages, as well as the percentage variation of the 

minimum and maximum voltages from the nominal voltage. All voltages are within bounds and close to 

unity. The power losses during load changes are given in Table 6. 

Figure 7 shows a comparison of the power losses of DN between fixed-size DG units and variable-

size DG units during load changes. The active power losses are very high with DGs of a fixed size during 

load changes compared to DGs of variable size. 
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Figure 6. Comparison of voltages at different buses for various loads 

 

 

Table 5. The change of voltages at variable loads 
Change of 
load (%) 

Minimum per 
unit voltage 

Maximum per 
unit voltage 

Avg voltage of 
Per unit 85 buses 

Deviation of minimum 
voltage (%) 

Deviation of 
maximum voltage (%) 

125 0.967 1.000 0.979 3.3 0 

100 0.982 1.012 0.993 1.8 1.2 

75 0.994 1.006 0.999 0.6 0.6 
50 0.995 1.001 0.999 0.5 0.1 

 

 

Table 6. Power losses of DN at a fixed location and variable power sizes of DG units with the change of loads 
Loads Active power losses (kW) 

125% of load 34.806 
100% of load 18.728 

75% of load 6.042 

50% of load 2.488 

 

 

 
 

Figure 7. Comparison of active power losses for fixed size and variable size DG 

 

 

5. CONCLUSION 

The PSO technique has been applied on an IEEE-85 bus radial distribution network to determine the 

optimal position and dimensions for a wind DG. When the wind DGs are connected, the distribution 

network’s voltages and power losses are calculated during load variations of 125%, 100%, 75%, and 50%. 

The distribution network becomes unstable when the highest voltage exceeds the maximum boundary limits 

at 50% of full load. 
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