
 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 281-291   www.ijaem.net   ISSN: 2395-5252 

                                      

 

 

 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 221-238   www.ijaem.net   ISSN: 2395-5252 

                                      

 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 221-238   www.ijaem.net   ISSN: 2395-5252 

                                      

 

 

DOI: 10.5281/zenodo.22131891     | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 281 

Optimal Sizing and Allocation of Distributed Generation for 

Voltage Stability and Loss Minimization in the Nigerian 330kV 

transmission Network By using Hybrid Metaheuristics 

Algorithms. 
 

aMakajuola Peter; bAtuchukwu A.J., cIloh J.P., 
a. Department of Electrical federal polytechnic Nekede Owerri imo state. 

b. Department of EEE Chukwuemeka Odumegwu University ULI campus Nigeria. 

c. Department of EEE Chukwuemeka Odumegwu University ULI campus Nigeria. 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 13-08-2026                                                                           Date of Acceptance: 27-08-2026 

----------------------------------------------------------------------------------------------------------------------------- ---------- 
Abstract: 
The Nigerian 330kV network remains the major 

backbone to the entire Nigerian power system 

network because it inter-connects the generation 

station to the distribution. In recent times, the power 

system network has been marred with rise in voltage 

instability and increase in active and reactive power 

losses as a result of power flow congestion. The 

paper utilized a strategically allocated solar PV 

distributed generator (DG) for the enhancement of 

the voltage stability and reduction in power losses. 

The data for the power system model was obtained 

from National control center (NCC) and 

implemented in power system analytical tool 

(PSAT). power flow analysis generated was utilized 

in the optimal location determination for the DG 

allocation using a metaheuristic hybrid particle 

swarm optimization (PSO) and grey wolf 

optimization (GWO). The results showed that the 

strategical location obtained with the metaheuristics 

optimization was in line 4 which was between bus 4 

(Gwagwalada TS) and bus 5 (Lokoja TS). There was 

significant voltage profile enhancement, increase in 

active and reactive power flows and reduction in 

power losses. The voltage stability index generated 

showed that the strategic allocation of the DG 

improved the system from 42% to 92%. 

 

Keywords: metaheuristics, Optimization, optimal 

location, solar pV, voltage stability, power loss, 

PSAT. 

 

I. Introduction: 
Nigeria electricity transmission network 

remains the backbone of the power delivery across 

all regions of the country, with 330kV grid serving 

as the main transmission structure that connects 

generating substations, stations and load centers. 

Despite the expansion initiative executed and in-

view, the power system network continues to 

experience technical challenges that includes 

inadequate voltage profiles, high transmission 

losses, frequent voltage collapse and constant 

increasing operational complexity. These issues 

occur as a result of rapid growth, insufficient 

generation capacity, aging transmission 

infrastructure and increase in the integration of 

renewable energy resources into grid. Hence, 

mitigating power losses and enhancing voltage 

stability remains the major objectives that would 

ensure sustainable and reliable electricity in Nigeria. 

Distributive generation (DG) emerged as 

an efficient solution for the improvement of power 

system performance and solution to some of the 

operational deficiencies of a centralized 

conventional generation system. DG refers to a 

medium and small scale power generation units that 

is strategically situated close to the load centers and 

is connected directly to the distribution or 

transmission networks. The existing common DG 

technologies are; wind turbines, solar photovoltaic, 

micro-hydropower plants, biomass generators and 

gas fired generation units. Adequate DG integration 

of DG can result to the improvement of voltage 

profiles, reduction in power losses, defer costly in 

network expansion projects (Salimon et al., 2023). 

Studies has indicated that strategic allocation of DG 

systems can enhance voltage stability margins while 

mitigating active power losses all through the 

network. 

However, the benefits of DG integration 

are dependent on the optimal placement and sizing 

of the generation units. Inaccurate DG allocation 

would result in negative effects that includes reverse 

in power flow, voltage fluctuations, increase in 

power losses, network instability and protection 

coordination problems. Hence, determining the DG 

capacity and optimal location for DG allocation 

would be a complex optimization issue that would 

sometimes involve multiple objectives, large scale 

spaces and non-linear constraints. The problem is 
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more challenging in large-scale transmission 

systems such as the Nigerian 330kV network where 

large number of buses, operating constraints and 

transmission lines were considered simultaneously. 

Conventional optimization approaches 

often face issues in solving complex and non-linear 

problems and the issues were mainly convergence 

issues and the tendency of becoming trapped in the 

local optima. Hence, to address these limitations, 

metaheuristic optimization techniques have acquired 

widespread acceptance in the operation and power 

system planning. Optimization algorithms such as 

particle swarm optimization (PSO), genetic 

algorithm (GA), Whale Optimization Algorithm 

(WOA) and Harris Hawks Optimization (HHO) 

have been able to demonstrate superior capabilities 

in solving DG allocation issues (Adetunji et al., 

2020). Additionally, recent research indicated that 

hybrid metaheuristics techniques has a better 

performance than single optimization techniques by 

the combination of complementary search 

mechanisms that would enhance exploitation, 

exploration, solution quality and convergence speed. 

The paper investigated the optimal 

allocation and sizing of DG in the Nigerian 330kV 

transmission network using a hybrid metaheuristics 

technique which was a combination of PSO and 

WOA. The paper aims at determining the optimal 

location for the DG allocation and the DG sizing 

that would minimize improve the voltage stability 

and mitigating active power loss simultaneously. 

Power system analytical tool was utilized in 

modeling some of the buses in the Nigerian 33okV 

power system network and MatLab 2024b 

application was utilized in the enhancement of the 

Nigerian power system network performance. The 

DG utilized was solar PV systems.  

 

II. Literature Review: 
Khan et al., (2022) examined the optimal 

DG allocation and sizing using the Honey Badger 

optimization technique. Their research centered on 

the improvement of the voltage profile and 

mitigation of power losses in distribution networks. 

The study was important because it showed that 

modern metaheuristics techniques can comfortably 

handle non-linear DG allocation issues efficiently. 

The author compared Honey Badger technique with 

GWO and WOA, which showed strong performance 

in loss reduction and convergence. The outcome the 

review supports the use of hybrid metaheuristics for 

the Nigerian 330kV network where power losses 

and voltage instability is a serious 

concern.Purlu&Turkay (2022) utilized heuristic 

methods for the optimal location of Renewable DG 

for the mitigation of annual power losses and 

voltage fluctuations. The authors utilized PWO and 

GA for the DG allocation and sizing. The study was 

essential for transmission network research because 

it considered renewable DG planning as the multi-

objective optimization problems. Adegoke et al., 

(2024) carried out power loss minimization and 

voltage stability improvement via DG allocation. 

The study linked DG allocation and capacity with 

the voltage stability indices, the study demonstrated 

that inadequately placed DG would not provide 

network maximum system advantage, but optimally 

allocated placement significantly enhances the 

network performance. The optimization technique 

utilized was single technique and the DG sizing was 

not determined. 

Bouchikhi et al., (2025) utilized modified 

GWO for the DG allocation and sizing and was 

simulated using ETAP application. Their research 

findings showed major mitigations in line losses and 

enhancements in voltage stability. The research was 

necessary because it combines optimization process 

with a real time power system simulation that is 

essential for the validation of the results. Ariyo et 

al., (2025) determined the impact of DG integration 

on the radial distribution network protection. The 

study centered on distribution systems, but is 

important as it showed that DG allocation enhanced 

voltage stability and mitigates losses but would also 

affect relay coordination and fault current levels. 

Nweke et al., (2016) carried out optimal DG 

allocation in the Nigerian power system network 

utilizing analytical techniques. The study reported 

voltage profile enhancement and active power loss 

reduction after the DG allocation. However, it was 

found that utilizing analytical approach was less 

effective when compared to the heuristic method of 

optimal location determination for the DG 

allocation. Tarraq et al., (2021) carried out a review 

on the metaheuristic optimization methods for the 

renewable DG planning. The authors emphasized 

that the use of metaheuristics are widely 

implemented as a result of their ability to solve 

complex issues and possesses computational speed. 

The study also highlights that fact that renewable 

DG Planning needs approaches that would balance 

exploitation and exploration to avoid optimized 

solutions. Bukata (2020) utilized GWO for the 

optimal location for the DSTATCOMs in the 

Nigerian 330kV transmission network. though the 

study centered on FACTS device, it is still relevant 

as it outlines how the voltage stability improvement 

and power loss reduction were achieved. Olanite et 

al., (2024) carried out large scale wind turbine 

penetration on power loss and voltage profile in the 
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Nigerian 330kV grid. The author utilized 

MatLab/PSAT and showed improvements in power 

losses after integrating optimally located renewable 

DG. The showed that when DG is optimally 

allocated and sized, it enhances voltage stability 

band reduces power loss. 

 

III. Method: 
The bus data and line data was utilized in the study were in table 1 and table 2 respectively. 

Table 1; bus data 

Bus number Bus location  Voltage (pu) 

1 

2 

3 

4 

5 

6 

7 

8 

Kaduna TS 

Shiroro GS 

Katampe TS 

Gwagwalada 

Lokoja TS 

Ajaokuta TS 

Geregu GS 

Benin TS 

1 

1 

1 

1 

1 

1 

1 

1 

 

Table 2; Line data 

Line number From bus To bus Line distance (km) Reactance (ohms) 

1 

2 

3 

4 

5 

6 

7 

2 

2 

2 

4 

5 

6 

5 

1 

3 

4 

5 

6 

7 

8 

120 

128 

144 

82 

58 

62 

195 

2.31 

0.343 

1.447 

0.165 

0.121 

1.443 

2.331 

 

The data presented in table 1 and table 2 were obtained form the National Control center (NCC) and was utilized 

for the generation of power flow analysis of the system for with and without optimal DG allocation. 

The line diagram of the power system network was shown in figure 1. 

 

 
Figure 1; Line diagram of the Nigerian 330kV Power system network 

 

The power system network had 2 generation stations 

and 6 transmission station with 7 transmission lines. 

The location for the buses was shown in table 1. The 

mathematical equation was displayed in the 

corresponding equation. 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 281-291   www.ijaem.net   ISSN: 2395-5252 

                                      

 

 

 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 221-238   www.ijaem.net   ISSN: 2395-5252 

                                      

 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 221-238   www.ijaem.net   ISSN: 2395-5252 

                                      

 

 

DOI: 10.5281/zenodo.22131891     | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 284 

For the bus admittance equation, the current 

injection vector I was given as; 

𝐼 = 𝑌𝑏𝑢𝑠𝑉    

 (1) 

Where 𝑌𝑏𝑢𝑠 represents the bus admittance and V 

represents the voltage magnitude of the power 

system network. 

The current injection vector for bus 𝑖: 

𝐼𝑖 =∑ 𝑌𝑖𝑗
𝑛

𝑗=1
𝑉𝑗    (2) 

Where Yij represents the 

admittance between bus i and bus j, Vj represents 

voltage magnitude at bus j and n represents the total 

number of buses in the power system. 

The equation for the complex power 𝑆𝑖injected at 

bus iwas shown in the corresponding equation 

𝑆𝑖 = 𝑃𝑖 + 𝑗𝑄𝑖 = 𝑉𝑖𝐼𝑖
∗   

 (3) 

Where 𝑃𝑖  represents the active power, 𝑄𝑖  represents 

the reactive power and 𝐼𝑖
∗ represents the complex 

conjugate of the bus current and j representing 

imaginary operator. 

The active and reactive power flow equation was 

shown in the flow equation below. 

𝑃𝑖 = ∑ ∣𝑛
𝑗=1 𝑉𝑖 ∣∣ 𝑉𝑗 ∣∣ 𝑌𝑖𝑗 ∣ cos(𝜃𝑖𝑗 + 𝛿𝑗 − 𝛿𝑖)

   (4) 

𝑄𝑖 = −∑ ∣𝑛
𝑗=1 𝑉𝑖 ∣∣ 𝑉𝑗 ∣∣ 𝑌𝑖𝑗 ∣ sin(𝜃𝑖𝑗 + 𝛿𝑗 − 𝛿𝑖)

   (5) 

𝛿𝑗 and 𝛿𝑖 represents the voltage phase angles at 

buses j and i bus and 𝜃𝑖𝑗 represented the angle of 

admittance, 𝑄𝑖  represents reactive power injection at 

bus i, 𝑃𝑖  represents the active power injection at bus 

i.  

The transmission line losses were shown as;. 

𝑃𝑙𝑜𝑠𝑠 =∑ ∑ 𝐺𝑖𝑗
𝑛

𝑗=1

𝑛

𝑖=1
[𝑉𝑖

2 + 𝑉𝑗
2 − 2𝑉𝑖𝑉𝑗cos(𝛿𝑖 −

𝛿𝑗)]   (6) 

Where 𝑃𝑙𝑜𝑠𝑠 represents the total real power loss in 

the power system network, 𝐺𝑖𝑗 represents 

conductance between bus I and bus j. 

the voltage stability index VSI was shown as; 

VSI =∣ 1 −∑ 𝐹𝑗𝑖
𝑔

𝑖=1

𝑉𝑖

𝑉𝑗
∣   

  (7) 

Where VSI represents the voltage stability index 

determined at range 0-1 or 0-100%., 𝐹𝑗𝑖 represents 

the element of the matrix of voltage stability and g 

represents the generator buses. 

When VSI is 1 or 100%, it means the system is 

approaching to voltage collapse and at VSI of 0 

means the system is operating at stable condition. 

The mathematical model of the solar utilized as the 

distributive generation in the power system network 

was presented as; 

𝑆𝐷𝐺 = 𝑃𝐷𝐺 + 𝑗𝑄𝐷𝐺    

  (8) 

It is postulated that the solar PV DG operates at a 

unity power factor, hence equation 8 becomes; 

𝑄𝐷𝐺 = 0     (9) 

Equation 9 implies that; 

𝑆𝐷𝐺 = 𝑃𝐷𝐺     

  (10) 

Hence, the power balance with solar DG becomes; 

. 

𝑃𝐺 + 𝑃𝐷𝐺 = 𝑃𝐷 + 𝑃𝐿    

  (11) 

𝑄𝐺 + 𝑄𝐷𝐺 = 𝑄𝐷 + 𝑄𝐿    

 (12) 

And the bus injection with solar PV DG also 

becomes; 

For the Bus power injection with DG: 

𝑃𝑖 = 𝑃𝐺𝑖 + 𝑃𝐷𝐺𝑖 − 𝑃𝐷𝑖   (13) 

𝑄𝑖 = 𝑄𝐺𝑖 + 𝑄𝐷𝐺𝑖 − 𝑄𝐷𝑖   (14) 

 

Where:𝑃𝐺 , 𝑄𝐺represents power supplied by grid 

generators,𝑃𝐷 , 𝑄𝐷represents load 

demand,𝑃𝐿 , 𝑄𝐿represents system losses and 𝑃𝐷𝐺 , 𝑄𝐷𝐺 

represents solar DG active and reactive power. 

The optimal DG placement and sizing objective 

function was represented as: 

Minimize 𝐹 = 𝑤1𝑃𝑙𝑜𝑠𝑠 + 𝑤2𝑉𝐷 + 𝑤3𝑉𝑆𝐼 
  (15) 

Where: 

𝑃𝑙𝑜𝑠𝑠 = ∑ 𝑅𝑖
𝑛
𝑖=1

𝑃𝑖
2+𝑄𝑖

2

𝑉𝑖
2    

   (16) 

𝑉𝐷 = ∑ ∣𝑛
𝑖=1 𝑉𝑟𝑒𝑓 − 𝑉𝑖 ∣   

 (17) 

 

Subject to: 

𝑃𝐷𝐺
𝑚𝑖𝑛 ≤ 𝑃𝐷𝐺 ≤ 𝑃𝐷𝐺

𝑚𝑎𝑥  

𝑉𝑖
𝑚𝑖𝑛 ≤ 𝑉𝑖 ≤ 𝑉𝑖

𝑚𝑎𝑥  
𝑃𝐺 + 𝑃𝐷𝐺 = 𝑃𝐷 + 𝑃𝑙𝑜𝑠𝑠  
𝑄𝐺 + 𝑄𝐷𝐺 = 𝑄𝐷 + 𝑄𝑙𝑜𝑠𝑠  

 

Where 𝑃𝑙𝑜𝑠𝑠representss active power loss, 

𝑉𝐷represents level of voltage deviation, 𝑉𝑆𝐼is 

voltage stability indexand 𝑃𝐷𝐺 is the DG sizing. 

A hybrid PSO–GWO metaheuristics model 

combines the fast convergence of PSO with the 

strong exploration ability of GWO with the model 

shown below; 

𝑋𝑖
𝑘+1 = 𝜆𝑋𝑃𝑆𝑂

𝑘+1 + (1 − 𝜆)𝑋𝐺𝑊𝑂
𝑘+1   

   (18) 

 

Where: 

0 ≤ 𝜆 ≤ 1 
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If 𝜆is rated high, the algorithm would behave more 

like PSO. But,If𝜆is low, it would behave more like 

GWO. 

The flow chart for the metaheuristic optimization of 

hybrid PSO and GWO was shown in the flow chart 

below; 

 

 
Figure 1; Flow chat of the heuristic’s optimization 

The optimization was done and executed in MatLab 2024b and the outcome was generated and presented in the 

result section. 

 

IV. Result 
The outcome of the optimization was shown in figure 2. 
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Figure 2; Heuristics optimization outcome 

 

Form figure 2, it was seen that the optimal outcome was at the active power loss of 0.1114 which was at line 4. 

This implies that the DG with the optimal sizing of 950,55MW would be implemented on line 4 that has bus $ 

(Gwagwalada TS) and bus 5 (Lokoja TS) 

The voltage profile of the power system for with and without DG was shown in table 3. 

 

Table 3; Voltage profile 

Bus Number Voltage Profile (pu) 

Without DG With DG 

1 

     2 

     3 

     4 

     5 

     6 

     7 

     8 

0.8933 

    0.9015 

    0.8314 

    0.9022 

    0.8769 

    0.8288 

    0.8451 

    0.8692 

0.9883 

    0.9886 

    0.9563 

    0.9888 

    0.9883 

    0.9694 

    0.9820 

    0.9557 

 

The comparative plot of the voltage profile of the system for with and without DG was shown in figure 3. 
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Figure 3; voltage profile of the power system for with and without DG allocation 

 

The power flow of the power system for with and without DG was shown in table 4. 

Table 4; Power flow 

Line number Active Power flow (pu) Reactive Power flow (pu) 

Without DG With DG Without DG With DG 

1 

     2 

     3 

     4 

     5 

     6 

     7 

1.1457 

    1.4569 

    1.3791 

    1.4845 

    1.2931 

    0.9025 

    1.4150 

1.8862 

    1.7943 

    1.8228 

    1.8175 

    1.6912 

    1.7860 

    1.6116 

1.6168 

    1.3343 

    1.4370 

    1.3403 

    1.3617 

    1.6660 

    1.6121 

2.0419 

    2.3013 

    1.9261 

    2.0918 

    2.0683 

    2.2256 

    2.2378 

 

The comparative plot of the active power flow of the system for with and without DG was shown in figure 4. 
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Figure 4; Active Power flow of the power system for with and without DG allocation 

The comparative plot of the reactive power flow of the system for with and without DG was shown in figure 5. 

 
Figure 5; Reactive Power flow of the power system for with and without DG allocation 

The power loss of the power system for with and without DG was shown in table 5. 
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Table 5; Power loss 

Line number Active Power loss (pu) Reactive Power loss (pu) 

Without DG With DG Without DG With DG 

1 

     2 

     3 

     4 

     5 

     6 

     7 

0.0976 

    0.1067 

    0.1054 

    0.1114 

    0.1133 

    0.1146 

    0.1003 

0.0476 

    0.0465 

    0.0243 

    0.0224 

    0.0394 

    0.0602 

    0.0323 

0.1588 

    0.1299 

    0.1721 

    0.1324 

    0.1525 

    0.1679 

    0.1833 

0.0986 

    0.0940 

    0.0895 

    0.0896 

    0.0908 

    0.0972 

    0.0908 

 

The comparative plot of the active power loss of the system for with and without DG was shown in figure 6. 

 
Figure 6; Active Power loss of the power system for with and without DG allocation 

The comparative plot of the reactive power loss of the system for with and without DG was shown in figure 7. 
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Figure 7; Reactive Power loss of the power system for with and without DG allocation 

The barchart for the voltage stability index (VSI) of the system for with and without DG was shown in figure 8. 

 
Figure 8; VSI of the power system network for with and without DG 
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V. Discussion 
Figure 3, showed the voltage profile of the 

power system network. it was observed that the 

strategic implementation and sizing of the DG 

improved the voltage profile of the power system 

network. the same output was observed in figure 4, 

figure 5, figure 6 and figure 7 which were active 

flow, reactive flow, active loss and reactive power 

loss. The outcome showed in figure 8 solidified the 

effect of optimally allocated DG system, in figure 8, 

it was observed that the VSI was improved from 

42% to 92%. 

 

VI. Conclusion 
The study centered on optimal allocation of 

DG to a real-time Nigerian 330kV power system 

network using a heuristic optimization technique. 

The optimization was a hybrid of PSO and GWO 

optimizations. The DG utilized was a solar system 

PV with the aim of improving the power flow 

parameters and enhance the voltage stability. A 

power system model of the Nigerian 330KV was 

simulated in PSAT and the outcome utilized for the 

optimal location and sizing of the DG. The results 

generated showed that there was a significant 

improvement with the strategic allocation of the DG 

and also a significant voltage stability was achieved 

to a value of 92% from 42%. Hence, it was 

concluded that optimally allocated DG reduces 

power losses and increases system stability 
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