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Abstract— Selecting the most appropriate location for installation of DGs combined with the optimal size of the DG unit is of the greatest 
priority in a power system network. In this paper the optimal size and location of distributed generation in the Onitsha dist ribution network in 
the Nigeria power system was solved by implementing the Particle Swarm Optimization (PSO) algorithm in MATPOWER 5.1 toolbox. The 

ETAP software environment was used to perform the baseline load flow calculation, and the RVSI technique produced the maximum  voltage 
indices of 0.0261 and 0.0625 at the Ezeiweka bus and GCM bus, respectively . DG placed at these locations showed that at 80% of load size 
insertion, the least active and reactive power losses of 3.9176MW and 3.6283 MVar respectively  were achieved. For the conventional PSO 
method, the minimum value of fitness losses of 0.0406 which represents the minimum amount of power loss was recorded at PP1 -bus with a 

corresponding DG unit size of 5.6722 MW. When this optimal unit size of 5.6722MW was placed at PP1 -bus, the power losses were reduced 
appreciably to 2.860MW, and 3.330 MVAr respectively. This shows that the PSO algorithm has a better performance than the RSVI method in 
terms of voltage stability and power loss reduction for DG sizing and location in a distribution network.  
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I. INTRODUCTION  

Installing a DG at a non-optimal location can instead have the 
opposite effect on the system by considering the cost 

efficiency, such as increasing system losses followed by an 
increase in cost. With all that in consideration, selecting the 
most appropriate location for installation combined with the 
optimal size of a DG unit is of the greatest priority in a power 
system network. However, it is the highest concern to choose 
the most suitable position for installation paired with the 

optimum size of a DG in a power system [1]. The most 
powerful and fundamental way to solve the problems of power 
system operation and planning is load flow analysis. Load 
flow analysis recognizes the consistent operation state with 
node voltages and branch power flow in the system. In 
optimization, numerous techniques are used in the power 

system to deal with the problem. The placement of DG sites 
must be optimized in order to create the most cost-effective, 
efficient, and technically sound distribution network [2] when 
addressing the issue of distributed generation (DG) allocation.  

Optimal placement of DGs is basically a complex 
combinatorial optimization issue which requires concurrent 

optimization of multiple objectives, for instance minimizations 
of real and reactive power losses, node voltage deviation, 
carbon emanation, line loading, and short circuit capacity and 
maximization of network reliability etc. The objective is to 
find the best placement for DG devices in a distribution 
network. The optimization is performed within the bounds of 
voltage limit of the nodes, thermal limit of network branches, 

and maximum DG sizes [3]. In most of the planning models, 
the optimal distribution network is determined based on a 
deterministic load demand which is usually obtained from a 

load forecast. Also the placement of the DG units mainly the 
renewable energy sources placement, is affected by several 
factors such as wind speed, solar irradiation, environmental 

factors, geographical topography, political factors, etc [4]. The 
most essential uncertainty to account for the time-varying 
characteristics of both generation and demand of power are the 
increasing penetrations of different distributed generators at 
present load growth. This paper dwells on implementing an 
evolutionary technique Particle Swarm Optimization (PSO) 

method for finding the optimal size and location of DG in the 
Onitsha distribution network. 

II. MATERIALS AND METHODS  

To determine the weak buses or critical lines that are most 
unstable, the Revamp Voltage Stability Indicator was 
deployed. The index gives low value under normal system 

condition and the stability index value is high when the system 
is subjected to instability. Thus, the buses or lines with high 
index are identified to be candidate location for the integration 
of PV [5]. The RVSI is used to identify the weak zones or 
critical lines that are on the brink of instability. The weakest of 
the buses will serve as the location for PV integration. This 

helps to reduce the computational time required in 
performance assessment of PV at all bus locations within the 
network. The RVSI employs factors such as reactive power 
flow, voltage angle, load demand, power flow and network 
topology to determine the margin of stability in the system.  

Using MATLAB software, the sending and receiving angle 
values for the buses were determined. Let the sending bus and 

receiving bus be  and  respectively, and current 
flowing through the sending and receiving bus. 
Therefore, 
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For the solution the real part of the equation, equation 
determinant should be greater than zero.  

 
Therefore, 

 
The equation for the Revamp Voltage Stability Indicator 
becomes 

 
Where, 

Z=line impedance, X=line reactance, =receiving end VAR, 

= voltage at the sending end, R = line resistance, δ= power 
angle. 

2.1 Bus Voltage Magnitude Constraints  

In a radial distribution network, the voltage magnitude at 
each bus is considered unsatisfactory if the voltage is less than 
the 0.95 p.u minimal threshold value. One of the most 
practical solution to improve and support these low voltage 

magnitude is the integration distributed generation [7],[8]. 
However, if the amount integrated exceeds the maximum 
allowable limit, it may cause overvoltage problems. The 
lowest and maximum values to be maintained at all nodes and 
buses should be within limits. 

 

2.2 Power Flow Constraints 

The sum of active power supplied (Pksupplied) must be 
equivalent to the sum of the active bus loads (PTLoads) and sum 
of the active power losses in the line (PT Loss). 

                      

2.3 Determination of Injected PV Optimal Size 

The optimal size or hosting capacity of the injected PV 

systems at various buses was determined by increasingly 
integrating the PVs at 20% of load demand into the indentified 
weak buses. As PV injects active power at unity power factor, 
the active power which is equivalent to the considered 
percentage values of active power at the identified critical 
buses were injected. The optimal value is reached when there 

is further increase in system losses. At this level, reversed 
power flow is bound to occur in the network. Reverse power 
flow occurs when the amount of power generated by 
distributed energy resources (DERs), such as photovoltaic 
(PV) systems exceeds the local demand. This situation is often 

referred to as “surplus generation”. When the PV hosting 
capacity is exceeded, the excess power flow causes instability 
in the system [8],[9]. 
 

 
Fig. 2.1. Flow chart for determining the optimal location and size of PV using 

RVSI 

 

The optimal percentage level at which the PV is integrated 

into the network without causing increase in losses and reverse 
flow of power marks the hosting capacity of the network. In 
this paper, the PV system were increasingly injected at various 
percentage levels starting from 20% of the load demand, then 
increasing in steps of twenties (20s) of the active power 
demand at the indentified weakest buses. The load demand of 
the Awada feeder is 63.18 MW, while that of GCM feeder is 

56.74 MW and the percentage injection increase values are 
shown in Table 2.1. 

 
TABLE 2.1. Percentage injected PV capacities 

Percentage Increase Awada Feeder (MW) GCM Feeder (MW) 

20% 12.63 11.34 

40% 25.27 22.69 

60% 37.90 34.04 

80% 50.54 45.39 

100% 63.18 56.74 

2.4 Load Flow Simulation Result of the Onitsha Distribution 

Network without DG  

The result obtained from the load flow study of the 
network which include the active power loss, reactive power 
loss, voltage magnitude and voltage angles are shown in Table 
2.2 
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TABLE 2.2. Result of Load Flow Study of the Onitsha Distribution Network 

using ETAP 

 

 
In Table 2.2, Bus 1 represents the slack bus, with a 

reference voltage of 1 per unit and an angle of 0 degrees. 
Other buses have varying voltage magnitude and angles, 
which reflect the voltage levels and phase angles at these 
points in the network relative to the slack bus. The allowable 
voltage drop is ±5%.     
 

TABLE 2.3. Result of voltage stability index (RSVI) for the two feeders 

 
The voltage stability index simulation results are as shown 

in Table 2.3. Figure 2.2 and 2.3 show the stability index 
results for Awada injection feeder and GCM injection feeder 
respectively. Ezeiweka bus recorded the highest index value in 
Awada feeder, thus, the bus is taken to be the weakest bus for 

PV integration. On the GCM injection feeder, the highest 

index value was recorded at the Market bus, hence, the 
weakest bus for PV integration in the GCM feeder.  
 

 
Fig. 2.2. RVSI for Awada Injection Substation feeder 

 

 
Fig 2.3. RVSI for GCM injection Substation feeder 

 

 
Fig. 2.4. Onitsha Distribution Network with PV location in ETAP 

environment 

 
Figure 2.4 shows the Onitsha distribution network with PV 

located at the Nwaziki bus and Market bus following the 
results obtained from the RVSI study. The PV located at these 
weak buses would be simulated in incremental steps of 20% of 
the load demand so as to ascertain the optimal size. 

2.5 Simulation results for the integration of PV at incremental 

steps of 20% of load demand 
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The integration of photovoltaic (PV) system into the power 
distribution network has profound implication for the power 
losses. The load demand of the Nwaziki bus is 7.1 MW, while 
that of Market bus is 6.4 MW and the percentage injection 
increase values are shown in Table 2.5. 

 

TABLE 2.4. Percentage injected PV capacities 

 
 

The results in Table 2.5 show power losses for the 
incremental step integration of PV on Nwaziki bus and Market 
bus. It is evident that the PV integration in the identified buses 

have significant effect in improving the performance of the 
distribution network. 
 

TABLE 2.5a. Results for Active and Reactive Power losses at Percentage 

Incremental PV integration 

 
 

Following the simulation for percentage incremental PV 
integration, at 20% integration the active and reactive power 

losses on the Onitsha distribution network was reduced from 
5.2542 MW and 5.3803MVar to 4.9551 MW and 5.0795 
MVar respectively. This accounts for a 5.69% and 3.24% 
reduction on power losses on the base network active and 
reactive power losses respectively.  

For 40% integration, the active and reactive losses were 

reduced from base value 5.2542MW and 5.3803MVar to 
4.808MW and 5.0337MVar respectively. This accounts for 
8.49% and 6.44% reduction on power losses. When the PV 

integration was increased to 60%, the active and reactive 
power losses were reduced to 4.7684MW and 4.8720MVar 
accounting to 9.24% and 9.44% reduction respectively. Also, 
for 80% integration, the power losses were reduced from the 
base values to 3.9176MW and 3.6283MVar which represents 

25.43% and 32.56%. When the PV integration was increased 
to 100%, the active and reactive power losses were reduced 
from the base values to 4.7038MW and 4.9765Mvar which 
account for 10.47% and 7.50% reduction respectively. 
 

TABLE 2.5b. Results for Active and Reactive Power losses at Percentage 

Incremental PV integration 

 

 
Fig. 2.5. Active and reactive power losses at incremental PV integration 

 

 
Fig. 2.6. Percentage Loss Reduction at Incremental PV Insertion 

 
Thus, it can be stated that using ETAP which is based on 

Netwon Raphson method, the Nwaziki bus and Market bus are 
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the optimal locations for PV in the Onitsha distribution 
network, while the optimal sizing of PV is at 80% integration. 

2.6 Optimal Placement and Sizing of DG Using Conventional 

PSO Method 

The conventional particle swarm optimization algorithm for 

optimum DG placement and sizing in the power system was 
implemented using MATLAB software in this work. The size 
and position of a three-dimensional DG unit are determined by 
generating 50 particles in the old PSO code. In the used PSO 
code constants are used to update the velocity of the algorithm 
such as inertia weight which has 0.9 and 0.4 as maximum and 

minimum value respectively as recommended by [10]. In 
addition, c1 and c2 are positive constant used in the algorithm 
whereas these constants are assumed to be equal to 2 as 
recommended by [11]. Some boundaries are achieved 
according to DG capacity, voltage and location of the DG unit. 
The capacity of the DG is assumed to be in the range of 1.2 - 

10MW. According to the location of the generation load buses 
which are located between buses 2 and 29 are considered as a 
possible location for the DG unit. A constraint is considered 
for the bus voltage magnitude, they should be in the range 
from 0.9 up to 1.05 pu. 

 
Fig. 3.3. PSO flowchart for optimal DG location 

2.7 Simulation Results for the Optimal Placement and Sizing 

of DG Using Conventional PSO Technique 

The conventional Particle swarm optimization (PSO) code 
was implemented to place the DG in an appropriate location in 

order to minimize system active and reactive power losses. 
The DG sizes for each site are randomly initialized as part of 
this implementation. PSO being an exhaustive search is 
expected to come up with capable solutions that are optimal 
DG size for each location. The ideal posture maximizes the 
fitness value—which represents the minimum power loss—

together with the best DG sizes and locations. Table 2.6 shows 
the fitness losses, DG size and bus number for the iterations 
counts. It shows that a DG unit with a size of 5.6722 MW can 
be installed at bus number 10 (PP1-bus) which makes the 

voltage magnitude 1.0055 pu. The minimum value of fitness 
losses is 0.0406 
 

TABLE 2.6. Simulation Result for the Conventional PSO method 
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A power flow analysis research is carried out for the 
network, taking the newly installed DG unit into 
consideration, following the best outcomes from the 
traditional PSO optimization approach. As a result of 
installing the newly optimized DG unit in the power system, 

the total power losses reduced appreciably to 2.860MW, and 
3.330 MVAr.  
 
TABLE 2.7. Result for the network status before and after DG installation for 

the Conventional PSO method 

 
 

TABLE 2.8. Comparison of the Conventional PSO with the Base Case using 

RVSI 

 

III. CONCLUSION 

For the base case using the RSVI method in determining 

the optimal size and location of DG in the Onitsha distribution 
network, 80% DG integration was found to have the least 
active and reactive power losses of 3.9176MW and 
3.6283MVar respectively. However, it could be seen that 
implementing the PSO algorithm recorded a more substantial 
reduction in the active and reactive power losses to 2.880MW 
and 3.330 Mvar respectively when the DG was installed at bus 

10. In addition, the PSO technique produced a better voltage 
profile. As a result, when it comes to DG sizing and placement 
in a distribution network, the PSO algorithm outperforms the 
RSVI technique in terms of voltage stability and power loss 
reduction. 
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