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Abstract  

 

Voltage stability issues within Nigeria's 330 kV power grid pose significant risks to the reliability and efficiency of the power 

supply, hence, there is the need for urgent investigation. This research aims to assess the voltage stability of Nigeria's 330 kV Power 

grid with specific objectives viz; identifying critical buses and branches, assessing the effect of shunt faults on voltage stability and 

implementing reactive power compensation to stabilize bus voltages. A fast decoupled load flow technique was utilized to analyze 

the 330 kV Nigerian power system and obtain system losses alongside locating critical buses. With the aid of ETAP 12.0 software 

the network was modelled and shunt faults were introduced for transient studies. This provided a base to evaluate voltage stability. 

VAr sources were integrated to determine their effects on bus voltages and transient stability. The findings indicated that the Jebba 

Hydro, Shiroro Hydro, and Olorunsogo gas buses were overloaded, while the Yola and Maiduguri buses faced Undervoltage issues. 

The transient stability analysis demonstrated that VAr compensation effectively restored voltage stability at the critical buses. This 

research offers proactive strategies to ensure voltage stability in Nigeria's 330 kV power grid, thereby enhancing the reliability and 

efficiency of power supply 
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1. Introduction 

Over the past decades, the evolution of power systems has been characterized by the dominance of centralized large-

scale generating stations (Hossain et al., 2019; Ismael et al., 2019). These stations transmit electrical energy over 

extensive distances via interconnected transmission systems, forming the backbone of modern power infrastructure 

(Blaabjerg et al., 2017; Mehigan et al., 2018; Ranjan Pradhan et al., 2013). The propensity for voltage instability in 

power systems underscores the critical importance of voltage stability assessment and monitoring for maintaining 

reliable operation and informed planning decisions (Danish et al., 2019; Nageswa Rao et al., 2021). Voltage instability 

incidents have played a key role in causing major blackouts experienced in the world. (Sharma et al., 2021). To 

minimize the risk of voltage collapse, it is important to include stability analysis in both the planning stages and the 

real-time operations of power systems (Yekini et al., 2024b; Zhu et al., 2016). Over the past years, a range of methods 

and mechanisms has been introduced for analyzing voltage stability  (Danish et al., 2019; Zhu et al., 2016). The use 

of GPS-synchronized phasor measurement units for online monitoring has increased, which helps assess power system 

stability in real-time (Pardo-Zamora et al., 2021). 

 

Voltage stability analysis in power systems presents a multifaceted challenge, necessitating the concurrent 

consideration of numerous technical complexities and interconnected factors (Madueme & Onyegbadue, 2018; 

Massaoudi et al., 2023; Okampo et al., 2022; Shair et al., 2021). Some of the challenges include determining network 

equivalent parameters for calculating stability indices and distinguishing system variations from noise in phasor 

measurement unit (PMU) measurements (Aminifar et al., 2021; Bu et al., 2023). The presence of noise in Phasor 

Measurement Unit (PMU) measurements can compromise the accuracy of voltage stability indices, leading to 

erroneous predictions hence, posing a substantial challenge to reliable power system monitoring and control (Biswal 
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et al., 2023; Danish et al., 2019; S. Das & Panigrahi, 2022). Additionally, the impact of various load models on the 

stability of voltage is a widely acknowledged factor  (Yekini et al., 2024a). However, only a few research papers 

incorporate load models into the voltage stability index (VSI) formulation (Muthulakshmi et al., 2017). The 

effectiveness of voltage stability indices, including the Linearized Motor Voltage Stability Index (LMVSI) and the 

Voltage-Stability Load Bus Index (VSBLI), is compromised by inherent limitations (Rodriguez-Garcia et al., 2019). 

LMVSI requires precise motor parameter knowledge to capture dynamic load dynamics, whereas VSBLI's dependence 

on Thevenin equivalent estimation introduces vulnerability to estimation inaccuracies or data quality issues (Jiang & 

Meng, 2023; Ramirez & Dobson, 2014; Ramírez-P et al., 2018). Efforts have been made to improve existing indices, 

such as enhancing the L index to determine the saddle-node bifurcation point for different load models (L. Neves & 

Alberto, 2021; L. S. Neves & Costa Alberto, 2020).  

 

However, some methods, including the original L-index formulation, may present limitations in online monitoring 

schemes, such as discontinuities when reactive power limits are reached during generator commutation to PQ buses 

(Tang et al., 2024). Sensitivity-based indices, like the sensitivity-based Thevenin index (STI), offer the potential for 

monitoring voltage stability from wide area measurement systems (WAMS) or state estimator data (Chintakindi et al., 

2022). While STI validation has been verified on larger systems using constant power load models, future works may 

consider the inclusion of ZIP and exponential-type load models for further validation. Voltage collapse issues in power 

systems can be attributed to the system's inability to supply reactive power or excessive absorption of reactive power 

(Bogodorova et al., 2016; Ismail et al., 2020; Lee & Song, 2019). Comprehensive voltage stability analysis is crucial 

for ensuring power system resilience (Hosseinzadeh et al., 2021; Liang et al., 2022; Moheb et al., 2022; Penha da 

Silva Júnior et al., 2021). Various analytical techniques have been developed, including PV/QV curves, continuation 

power flow, multiple power flow solutions, modal analysis, and optimization-based methods (Adegoke & Sun, 2023; 

Gadal et al., 2023; Liu et al., 2023; Malik et al., 2024; Modarresi et al., 2016; Trias, 2018; Valuva et al., 2023). These 

approaches enable operators of power systems to assess and mitigate voltage instability risks (Adebayo & Sun, 2017; 

Mokred & Wang, 2024; Valuva et al., 2023).  

 

The developed Three-Phase Unbalanced Continuation Power Flow algorithm was shown to be robust and effective in 

assessing voltage stability for various system configurations (Montoya et al., 2021; Nirbhavane et al., 2021). However, 

the focus was primarily on distribution systems, with the potential for extension to transmission systems. 

The importance of precise forecasting methods has been emphasized by the examination of voltage instability in power 

systems networks using modal analysis techniques (Abdalla Seedahmed et al., 2019). This demonstrates effectiveness 

in assessing voltage stability and identifying critical system components. The focus was primarily on steady-state 

analysis; hence, transient conditions were not considered.  

 

A review of Machine Learning approaches for online voltage stability assessment in power systems has been provided 

which highlights their potential to enhance power system stability and reduce blackout risks (Alimi et al., 2020; 

Amroune, 2021; Ozcanli et al., 2020). Discussions on the effect of transient conditions on the stability of the network 

were ignored. No emphasis was given to voltage instability in a practical 330 kV network.  

A robust framework has been developed for the online detection of long-term voltage instability using support vector 

machines (Nguyen Duc et al., 2017; Villa-Acevedo et al., 2022). This framework reliably predicts voltage collapse 

and detects critical conditions. However, it was tested on a standard IEEE bus system, without adequate consideration 

for practical network systems experiencing transient conditions. 

 

Voltage stability assessment in real time was done using Thevenin equivalent impedance estimation (Lee & Han, 

2019; Polster & Renner, 2017). This algorithm effectively detected voltage stability/instability under severe 

contingency scenarios. The integration with phasor measurement unit technology and load model parameter estimation 

enhances accuracy. However, the focus was primarily on a less complex network like the Korean power system 

A Load Dynamic Stability Index (LDSI) has been developed to assess short-term voltage stability more accurately by 

capturing load dynamics (Kasar et al., 2024; Zhang et al., 2023). The integration with the support vector machine 

method has enhanced accuracy. LDSI effectively captures load dynamics for short-term voltage stability assessment 

and enables accurate load modelling through ambient signal-based identification. The support vector machine method 

further improves the properties of the index, enhancing power system stability analysis. However, broader 

applicability to other load models and power systems has not been explored. 

 

The growing prevalence of distributed energy resources and power electronic devices in AC distribution networks has 

raised concerns regarding stability and reliability (Abdukhakimov et al., 2019; Muhtadi et al., 2021). A comprehensive 
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review of Small-Signal Stability Analysis (SSSA) methods for AC distribution grids highlights the importance of 

impedance-based stability analysis in the frequency domain using the Synchronous Reference Frame (SRF) (Rahman 

et al., 2019). It was found that by dividing the system into load and source, accurate stability assessment could be 

achieved through perturbation-based impedance determination and application of the Nyquist stability criterion. This 

review is specifically focused on small-signal stability analysis using impedance-based SRF models and does not 

cover transient stability or practical 33 kV network assessments. 

 

Nigeria's power grid has consistently faced a range of challenges, including frequent blackouts, inadequate 

infrastructure, and issues with voltage stability (Jimoh & Raji, 2023). These problems significantly impact the 

reliability and efficiency of the nation's power supply. A research study provided an overview of the challenges 

confronting Nigeria's power sector, specifically focusing on infrastructural inadequacies and the effects of voltage 

instability on power supply reliability (Dada, 2014). An investigation into the causes of power interruptions in Nigeria 

has been conducted, emphasizing infrastructural challenges such as insufficient transmission and distribution networks 

(Monyei et al., 2018). Additionally, research has been carried out on voltage stability issues within Nigeria's power 

grid, highlighting the risks to the reliability and efficiency of power supply (Adoghe et al., 2023). The state of 

infrastructure within Nigeria's power sector has been evaluated, identifying shortcomings in transmission and 

distribution networks that exacerbate power grid issues (Oleka et al., 2016). A study on the effects of voltage instability 

on power quality in Nigeria has been conducted. This research explores how voltage instability influences power 

quality, emphasizing the urgent need for action to address this issue (Hamoud, 2023). 

 

The efficacy of existing voltage stability analysis methods is tempered by significant limitations. Specifically, these 

approaches often neglect the critical consideration of shunt fault impacts on vulnerable buses within complex 

networks, including the Nigeria 330 kV power system network, especially in transient conditions. As part of this 

research, the aim is to study the voltage stability of the Nigeria 330 kV power system network, with specific objectives 

including identifying critical buses and branches from loadflow studies, introducing shunt faults to study their effect 

on voltage stability from transient analysis in ETAP 12.0, and stabilizing voltage at the buses using VAr sources with 

the aid of ETAP 12.0 Software. 

 

2.0 Material and Methods 

ETAP 12.0 was selected for this study due to its comprehensive features, flexibility, and relevance to the Nigerian 

power grid. It offers a wide range of power system analysis capabilities, including load flow, short circuit, and transient 

stability analysis, making it an ideal choice for studying the Nigerian power grid (S. R. Das et al., 2021). Additionally, 

ETAP 12.0 provides flexibility and customization options, a user-friendly interface, and compatibility with Nigerian 

power grid data, setting it apart from other power system analysis software such as PSS/E, DigSILENT, and MATLAB 

(Hay & Ferguson, 2015). 

 

This work commenced with a comprehensive analysis of the 330 kV Nigerian power system network to identify 

critical and marginal buses. Utilizing fast decoupled load flow methodology, the study leveraged data from the annual 

technical report, encompassing generator and load bus parameters and positive and zero sequence impedance data for 

transmission lines. The 330 kV Nigerian power system was subsequently modelled employing Electrical Transient 

Analyzer Program (ETAP) 12.0 software. Shunt faults (sub-transient cycle) were intentionally introduced at critical 

and marginal buses to investigate voltage stability, and the resultant voltage fluctuations were observed. A transient 

stability assessment was conducted using the adaptive Newton-Raphson technique, simulating a Line-to-Ground fault 

at 0.5 seconds, cleared at 10 seconds. Furthermore, Reactive Power sources (VAr sources) were integrated into the 

network, and their impact on bus voltages was examined.  

 

2.1 Mathematical Formulations 

The relationship between the bus admittance, phase voltage, and current is given by the matrix equation thus 

(Bazrafshan & Gatsis, 2018); 

[
 
 
 
 
 
 
𝑌11 𝑌12 𝑌13 . . . 𝑌1𝑁
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𝑌𝑉 = 𝐼         (2) 

The Y matrix represents the admittance of an N-by-N electrical system. V is the column of voltages for N-buses, and 

I is the column of currents for those buses. 

𝑌𝑖𝑖 = ∑ 𝑦𝑖𝑘𝑘∈𝑖         (3) 

Where 𝑦𝑖𝑘is the admittance between buses i and k and 𝑘 ∈ 𝑖 denotes that the k bus is connected to bus i. 

The line current I as a function of the electric load complex apparent power is given thus; 

𝑆 = 𝑃𝐿 + 𝑗𝑄𝐿         (4) 

𝐼 =
𝑆

𝑉𝑟
=

𝑃𝐿−𝑗𝑄𝐿

𝑉𝑟
                       (5) 

S : Complex power (kVA) demanded by the load on the distribution system 

PL : Real power demanded by the load 

QL : Reactive power demanded by the load (usually an inductive load) 

Vr : Voltage at the load bus (receiving end). 

Vs : Voltage at the sending end of the network. 

Consider the phasor diagram of the voltage in a typical power system network as shown in Figure 1. 

 
Figure 1: Phasor Diagram of Voltage in a typical Power System Network (Muljadi et al., 2014) 

 

The drop in voltage on the feeder is given by; 
|𝑉𝑠 − 𝑉𝑟| = |𝐼(𝑅𝐿𝑁 + 𝑗𝑋𝐿𝑁)|      (6) 

|𝑉𝑠 − 𝑉𝑟| = |
(𝑅𝐿𝑁𝑃𝐿+𝑋𝐿𝑁𝑄𝐿)−𝑗(𝑋𝐿𝑁𝑃𝐿−𝑅𝐿𝑁𝑄𝐿)

𝑉𝑟
|                (7) 

For low power flow, the angle of voltage between the sending and receiving ends is minimal, allowing for an 

approximation of the voltage drop as shown thus; 

|𝑉𝑠 − 𝑉𝑟| = |
(𝑅𝐿𝑁𝑃𝐿+𝑋𝐿𝑁𝑄𝐿)

𝑉𝑟
|      (8) 

Three-phase voltages (𝑉𝑎,𝑉𝑏,𝑉𝑐) are equal in magnitudes and interphase differently by 120o. These voltages are 

sequenced in the order a, b and c (positive sequence) if 𝑉𝑏 lags 𝑉𝑎 by 120o and 𝑉𝑐 lags 𝑉𝑏 by 120o. The three phasors 

can be described in terms of a reference 𝑉𝑎  thus; 

𝑉𝑎 = 𝑉𝑎         (9) 

𝑉𝑏 = 𝛼2𝑉𝑎        (10) 

𝑉𝑐 = 𝛼𝑉𝑎        (11) 

The complex number operator 𝛼 is defined thus; 𝛼 = 𝑒𝑗120𝑜
   

Similarly, if the phase sequence is a, c and b (negative sequence) then; 

𝑉𝑎 = 𝑉𝑎         (12) 

𝑉𝑏 = 𝛼𝑉𝑎        (13) 

𝑉𝑐 = 𝛼2𝑉𝑎        (14) 

A set of balanced phasors is fully characterized by its reference phasor and its phase sequence (positive or negative) 

Positive sequence phasors are written thus; 

𝑉𝑎1 = 𝑉𝑎1        (15) 

𝑉𝑏1 = 𝛼2𝑉𝑎1        (16) 

𝑉𝑐1 = 𝛼𝑉𝑎1        (17) 
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Note the inclusion of the suffix 1 

Negative sequences is written thus; 

𝑉𝑎2 = 𝑉𝑎2        (18) 

𝑉𝑏2 = 𝛼𝑉𝑎2        (19) 

𝑉𝑐2 = 𝛼2𝑉𝑎2        (20) 

That of zero sequence is written thus; 

𝑉𝑎0 = 𝑉𝑎0        (21) 

𝑉𝑏 = 𝑉𝑎0        (22) 

𝑉𝑐 = 𝑉𝑎0         (23) 

The three phasors can be expressed thus; 

𝑉𝑎 = 𝑉𝑎1 + 𝑉𝑎2 + 𝑉𝑎0       (24) 

𝑉𝑏 = 𝛼2𝑉𝑎1 + 𝛼𝑉𝑎2 + 𝑉𝑎0       (25) 

𝑉𝑐 = 𝛼𝑉𝑎1 + 𝛼2𝑉𝑎2 + 𝑉𝑎0       (26) 

The equations can be expressed in the form; 

𝑉𝑝 = 𝐴𝑉𝑠        (27) 

Where 

𝑉𝑝 = [

𝑉𝑎
𝑉𝑏

𝑉𝑐

]= vector of original voltage phasors. 

𝑉𝑠 = [

𝑉𝑎1

𝑉𝑎2

𝑉𝑎0

]= vector of symmetrical components 

𝐴 = [
1 1 1
𝛼2 𝛼 1
𝛼 𝛼2 1

]       (28) 

From Equation 27, 

𝑉𝑠 = 𝐴−1𝑉𝑝         

 (29) 

𝐴−1 =
1

3
[
1 𝛼 𝛼2

1 𝛼2 𝛼
1 1 1

]       (30) 

In expanded form, 

𝑉𝑎1 =
1

3
(𝑉𝑎 + 𝛼𝑉𝑏 + 𝛼2𝑉𝑐)      (31) 

𝑉𝑎2 =
1

3
(𝑉𝑎 + 𝛼2𝑉𝑏 + 𝛼𝑉𝑐)      (32) 

𝑉𝑎0 =
1

3
(𝑉𝑎 + 𝑉𝑏 + 𝑉𝑐)       (33) 

Figure 2 shows the graphical representation of the symmetrical components of phasor voltages. 

 
Figure 2:  Symmetrical Components of the Phasor Voltage. 
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The symmetrical component transformations though given in terms of voltages hold for any of the phasors and 

therefore apply to a set of currents. 

𝐼𝑝 = 𝐴𝐼𝑠         (34) 

𝐼𝑠 = 𝐴−1𝐼𝑝        (35)                   

𝐼𝑝 = [

𝐼𝑎
𝐼𝑏
𝐼𝑐

]= vector of original phasors. 

𝐼𝑠 = [

𝐼𝑎1

𝐼𝑎2

𝐼𝑎0

]= vector of symmetrical components 

𝐼𝑎 = 𝐼𝑎1 + 𝐼𝑎2 + 𝐼𝑎0       (36) 

𝐼𝑏 = 𝛼2𝐼𝑎1 + 𝛼𝐼𝑎2 + 𝐼𝑎0       (37) 

𝐼𝑐 = 𝛼𝐼𝑎1 + 𝛼2𝐼𝑎2 + 𝐼𝑎0       (38) 

Obtaining the symmetrical component of the current phasor 

𝐼𝑎1 =
1

3
(𝐼𝑎 + 𝛼𝐼𝑏 + 𝛼2𝐼𝑐)       (39) 

𝐼𝑎2 =
1

3
(𝐼𝑎 + 𝛼2𝐼𝑏 + 𝛼𝐼𝑐)       (40) 

𝐼𝑎0 =
1

3
(𝐼𝑎 + 𝐼𝑏 + 𝐼𝑐)       (41) 

 

2.1.1 Mathematical Analysis of Shunt Faults 

Figure 3 shows a typical shunt fault. 

 
Figure 3:  Line to Line Fault (Shunt fault) 

The matrix representation of the current in line-to-line fault (between lines b and c) can be shown thus; 

𝐼𝑝 = [

𝐼𝑎 = 0
𝐼𝑏
𝐼𝑐 = −𝐼𝑏

]; 𝑉𝑏 − 𝑉𝑐 = 𝐼𝑏𝑍
𝑓 

Zf is the fault impedance occurring through lines b and c. 

The symmetrical components of the fault current are; 

[

𝐼𝑎1

𝐼𝑎2

𝐼𝑎0

] =
1

3
[
1 𝛼 𝛼2

1 𝛼2 𝛼
1 1 1

] [
0
𝐼𝑏

−𝐼𝑏

]      (42) 

From Equation (43); 

𝐼𝑎2 = −𝐼𝑎1        (43) 

𝐼𝑎0 = 0         (44) 

The symmetrical components of voltages at fault are 

[

𝑉𝑎1

𝑉𝑎2

𝑉𝑎0

] =
1

3
[
1 𝛼 𝛼2

1 𝛼2 1
1 1 1

] [

𝑉𝑎
𝑉𝑏

𝑉𝑏 − 𝑍𝑓𝐼𝑏

]     (45) 

From Eq. (45),  

3𝑉𝑎1 = 𝑉𝑎 + (𝛼 + 𝛼2)𝑉𝑏 − 𝛼2𝑍𝑓𝐼𝑏       (46) 
2

23 ( ) f

a a b bV V V Z I  = + + −
      (47) 

Solving Equations (46) and (47) simultaneously; 

3(𝑉𝑎1 − 𝑉𝑎2) = (𝛼 − 𝛼2)𝑍𝑓𝐼𝑏 = 𝑗√3𝑍𝑓𝐼𝑏      (48) 

The stages of the fault current are the sub-transient, transient, and steady-state. They occur for 0.5, 1.5-4 and over 30 

cycles respectively. 
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2.2 Simulation Parameters 

The parameters used in the simulation are contained in Table 1. 

 

 

Table 1: Parameters Used for Simulation 

S/No. Parameter Value 

1 Total buses used 43 

2 Generator buses 18 

3 Swing buses 7 

4 Voltage Control Buses 11 

5 Load Buses 25 

6 Number of branches 63 

7 Rated Line Voltage 330kV 

8 Load Flow Technique Adopted Fast Decoupled Load Flow Technique (FDLF) 

9 Maximum Iterations 9999 

10 Precision 0.01 

11 Critical Bus Voltage (Over Voltage) 105% 

12 Marginal Bus Voltage (Over Voltage) 102% 

13 Critical Bus Voltage (Under Voltage) 95% 

14 Marginal Bus Voltage (Under Voltage) 98% 

16 Marginal Generator Over excitation 95% Qmax 

17 Load Demand (MW) 3148.728 

18 Load Demand (MVAr) 2583.736 

19 Generation (MW) 3148.728 

20 Generation (MVAr) 2583.736 

 

3.0 Results and Discussions 

The load flow study was done using a fast decoupled load flow technique and convergence was reached after three 

iterations. Table 2 shows details of the buses in critical conditions. 

 

Table 2: Load Flow Critical Report 

S/No. Buses Bus Type Status 

Power 

Rating/Voltage 

Limit Unit 

Operating 

Condition % Operating 

1 Omoku Gas Generator Overload 67.2 MW 67.2 100.0 

2 Gombe Load Bus Under Voltage 330.0 kV 216.4 65.6 

3 Kainji hydro Generator Under Power 0.0 MW -113.8 0.0 

4 Jebba hydro2 Generator Over Excited 210.9 Mvar 812.5 385.2 

5 Jebba hydro2 Generator Overload 500.0 MW 549.1 109.8 

6 Shiroro hydro4 Generator Overload 500.0 MW 500.0 100.0 

7 Shiroro hydro4 Generator Under Excited 0.0 Mvar 0.0 0.0 

8 Ih.Gas Generator Under Utilized - MW -552.3 - 

9 Jalingo Load Bus Under Voltage 330.0 kV 216.4 65.6 

10 Jos Load Bus Under Voltage 330.0 kV 232.5 70.5 

11 Kaduna Load Bus Under Voltage 330.0 kV 260.7 79.0 

12 Kano Load Bus Under Voltage 330.0 kV 184.3 55.8 

13 Maidugiri Load Bus Under Voltage 330.0 kV 216.4 65.6 
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14 NIPP Generator Overload 500.0 MW 500.0 100.0 

15 NIPP Generator Under Excited - Mvar - - 

16 NIPP I Generator Under Excited 0.0 Mvar 0.0 0.0 

17 NIPP I Generator Overload 750.0 MW 750.0 100.0 

18 O.Gas Generator Overload 67.4 MW 67.4 100.0 

19 O.Gas Generator Under Excited 0.0 Mvar 0.0 0.0 

20 O.Gas. Generator Under Excited 0.0 Mvar 0.0 0 

21 O.Gas. Generator Overload 378.0 MW 378.0 100 

22 O.NIPP Generator Overload 100.0 MW 100.0 100 

23 O.NIPP Generator Under Excited 0.0 MVAr 0.0 0.0 

24 Olorunsogo Load Bus Under Voltage 330.0 kV 313.1 94.8 

25 Osogbo Load Bus Under Voltage 330.0 kV 312.7 94.7 

26 Steam Generator Overload 336.9 MW 336.9 100.0 

27 Steam Generator Under Excited 0.0 MVAr 0.0 0.0 

28 Yola Load Bus Under Voltage 330.0 kV 216.4 65.5 

 

From Table 2, three overloaded buses, viz. Jebba Hydro, Shiroro Hydro, and Olorunsogo Gas were selected alongside 

two undervolted buses (Yola and Maiduguri buses).  

Table 3 provides details of the total generation, loading and demand of the network 

 

Table 3: The Total Generation, Loading and Demand of the Network  

MW MVAr MVA % PF Lagging 

Power Generation (Slack Buses): 69.42 2583.74 2584.67 2.69 

Source (Non-Slack Buses): 3079.31 0.00 3079.31 100.00 

Total Demand: 3148.73 2583.74 4073.10 77.31 

Total Motor Load: 2540.95 1574.74 2989.35 85.00 

Total Static Load: 526.64 326.38 619.57 85.00 

Apparent Losses: 81.14 682.62 - - 

System Mismatch: 0.12 0.00 - - 

 

Table 4 gives the sub-transient cycle (1/2 Cycle) result for the short circuit analysis on the Jebba hydro generating 

station. 

 

Table 4: Short-Circuit Summary Report for Jebba GS 

Bus 

 3-Phase Fault Current (kA) 

Line-to-Ground Fault 

Current (kA) 

Line-to-Line Fault 

Current (kA) 

Line-to-Line-to-Ground 

Current (kA) 

kV 

Real 

Comp

onent 

Imag. 

Compo

nent 

Current 

Mag. 

Real 

Com

pone

nt 

Imag. 

Compo

nent 

Curre

nt 

Mag. 

Real 

Comp

onent 

Imag. 

Comp

onent 

Curre

nt 

Mag. 

Real 

Compo

nent 

Imag. 

Comp

onent 

Curre

nt 

Mag. 

Jebba 

GS 330 1.22 -14.30 14.35 1.83 -15.47 15.58 12.52 1.24 12.58 -13.51 7.05 15.24 

 

The line-to-ground fault exhibited the highest current magnitude at 15.58 kA, while the line-to-line fault recorded the 

lowest at 12.58 kA. The magnitude of the 3-phase fault, line-to-ground fault and line-to-line fault are 14.35𝑒−𝑗85.23𝑜
, 

15.58𝑒−𝑗83.18𝑜
and 15.24𝑒𝑗152.4𝑜

 respectively. 



1390  Onyegbadue et al./ UNIZIK Journal of Engineering and Applied Sciences 3(5), 1382 - 1401 

 

Table 5 gives the sub-transient cycle result (voltages) for the short circuit analysis on the Jebba hydro generating 

station. 

 

Table 5: Symmetrical Component of the Phasor Voltage from Jebba GS 

Buses 3-Phase Fault Line-To-Ground Fault 

Sending Bus 

Receiving 

Bus 

% V 

From 

Bus 

kA 

Symm. 

Rms 

% Voltage at Sending Bus  kA Symm. rms 

Va Vb Vc Ia 3I0 

Jebba GS Total 0.00 14.35 0.00 94.52 97.38 15.58 15.58 

Jebba Jebba GS 5.74 4.47 6.38 94.53 97.25 3.73 1.56 

Jebba Jebba GS 5.74 4.47 6.38 94.53 97.25 3.73 1.56 

hydro4 Jebba GS 100.00 5.41 100.00 100.00 100.00 8.12 12.48 

   

Note that 3I0 represents the current in the neutral line. 

Table 6 gives the sub-transient cycle (1/2 cycle) result for the short circuit analysis on Shiroro hydro generating station. 

 

Table 6: Report on the Short-Circuit Fault at Shiroro GS 

Buses 

 

3-Phase Fault current 

(kA) 

Line-to-Ground Fault 

current (kA) 

Line-to-Line Fault current 

(kA) 

Line-to-Line-to-

Ground current (kA) 

Line 

Voltag

e(kV) 

Real 

Curr

ent 

Imag. 

Comp

onent 

Current 

Mag. 

Real 

Curr

ent 

Imag. 

Compo

nent 

Curre

nt 

Mag. 

Real 

current 

Imag. 

comp

onent 

Current 

Mag. 

Real 

Cure

rent 

Imag. 

Comp

onent 

Curre

nt 

Mag. 

Shiroro 

GS 330 1.07 -12.53 12.58 1.55 -13.55 13.64 10.97 1.08 11.02 

-

11.7

8 6.19 13.31 

 

The line-to-ground fault had the highest fault current at 13.64 kA. The line-to-line fault had the lowest fault current at 

11.02 kA. The magnitudes of the faults are: 12.58𝑒−𝑗84.9𝑜
, 13.64𝑒−𝑗83.41𝑜

 and 11.02𝑒𝑗5.6𝑜
respectively. 

Table 7 gives the sub-transient cycle result (voltages) for the short circuit analysis on Shiroro hydro generating station. 

 

Table 7. Symmetrical Component of the Phasor Voltage for Shiroro GS 

Buses Fault at 3-Phase Line-To-Ground Fault 

Sending Bus 
Receiving 

Bus 
% V From Bus kA Symm. RMS 

% Voltage at Sending Bus kA Symm. RMS 

Va Vb Vc Ia 3I0 

Shiroro GS Total 1.1E-14 12.58 5.6E-15 94.88 97.11 13.64 13.64 

Kaduna Shiroro GS 4.2E+01 2.47 3.0E+01 102.70 104.73 1.77 0.00 

Kaduna II Shiroro GS 1.1E-14 0.00 6.1E-15 94.88 97.11 0.00 0.00 

Jebba Shiroro GS 8.3E+01 2.07 8.7E+01 97.71 97.68 1.70 0.66 

Gwaggwalada Shiroro GS 2.7E+01 1.36 2.6E+01 96.86 98.48 1.08 0.31 

Katampe Shiroro GS 2.5E+01 1.27 2.2E+01 97.48 99.31 0.98 0.21 

Kaduna I Shiroro GS 1.1E-14 0.00 6.1E-15 94.88 97.11 0.00 0.00 

hydro2 Shiroro GS 1.0E+02 5.41 1.0E+02 100.00 100.00 8.12 12.47 

 

Table 8 gives the sub-transient cycle result for the short circuit analysis on Olorunsogo generating station. 
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Table 8: Report on the Short-Circuit Fault at Olorunsogo GS  

The line-to-ground fault current reached its peak with a magnitude of 19.88 kA, making it the highest among the 

various fault types. In contrast, the line-to-line fault exhibited the lowest fault current magnitude at 15.33 kA. The 

magnitudes for the three-phase fault, line-to-ground fault, and line-to-line fault stand at 17.47𝑒−𝑗85.25𝑜
, 

19.88𝑒−𝑗83.70𝑜
and 15.33𝑒𝑗5.5𝑜

 respectively. 

Table 9 gives the sub-transient cycle result (voltages) for the short circuit analysis on Olorunsogo hydro generating 

station. 

 

Table 9: Symmetrical Component of the Phasor Voltage for Olorunsogo GS 

Buses 3-Phase Current Fault Line-To-Ground Current Fault 

Sending Bus Receiving Bus % V From Bus kA Symm. 
Rms 

% Voltage at From Bus kA Symm. RMS 

Va Vb Vc Ia 3I0 

Olorunsogo Total 0.00 17.46 0.00 92.62 94.77 19.88 19.88 
Ikeja West Olorunsogo 66.60 4.94 68.53 96.73 97.00 4.16 1.35 

Ayede Olorunsogo 38.71 3.69 35.12 96.87 98.41 2.95 0.57 

Gas Olorunsogo 100.00 0.73 100.00 100.00 100.00 1.05 1.48 

NIPP 1 Olorunsogo 100.00 8.11 100.00 100.00 100.00 11.72 16.49 

 

Table 10 gives the sub-transient cycle (1/2 cycle) result for the short circuit analysis on bus Yola. 

 

Table 10:  Report on the Short-Circuit Fault at Bus Yola 

Bus 

  3-Phase Current Fault (kA) 

Line-to-Ground Current Fault 

(kA) 

Line-to-Line Current 

Fault (kA) 

*Line-to-Line-to-

Ground Current (kA) 

kV 

Real 

component Imag. Mag. 

Real 

Component Imag. Mag. Real Imag. Mag. Real Imag. Mag. 

Yola 330 0.12 -1.03 1.04 0.11 -0.47 0.48 0.89 0.10 0.90 -0.93 0.05 0.94 

 

The 3-phase fault results in the highest fault current, measuring at 1.04 kA. Conversely, the line-to-ground fault records 

the lowest current at 0.48 kA. The fault current magnitudes for the 3-phase fault, line-to-ground fault, and line-to-line 

fault are 1.04𝑒−𝑗82.05𝑜
, 0.48𝑒−𝑗78.28𝑜

 and 0.9𝑒𝑗6.38𝑜
 respectively. 

Table 11 gives the sub-transient cycle result (voltages) for the short circuit analysis on bus Yola. 

 

 

  

Buses 

  

kV 

3-Phase current Fault (kA) Line-to-Ground current Fault (kA) Line-to-Line Fault current (kA) 
*Line-to-Line-to-Ground 
(kA) 

Real 

component 

Imag. 

component 

Current 

Mag. 

Real 

component 

Imag. 

component 

Current 

Mag. 

Real 

Component 

Imag. 

Component 

Current 

Mag. Real Imag. Mag. 

Olorunsogo 330 1.41 -17.41 17.47 2.20 -19.76 19.88 15.26 1.47 15.33 -16.45 9.74 19.12 



1392  Onyegbadue et al./ UNIZIK Journal of Engineering and Applied Sciences 3(5), 1382 - 1401 

 

Table 11: Symmetrical Component of the Phasor Voltage for Bus Yola 

Contribution 3-Phase Fault Line-To-Ground Fault 

From Bus To Bus 

% V 

From 

Bus 

kA Symm. 

Rms 

% Voltage at From Bus kA Symm. rms 

Va Vb Vc Ia 3I0 

Yola Total 0.00 1.04 0.00 132.26 138.73 0.48 0.48 

Gombe Yola 43.64 1.04 33.93 122.79 127.39 0.48 0.48 

Jalingo Yola 0.00 0.00 0.00 132.26 138.73 0.00 0.00 

 

Table 12 gives the sub-transient cycle result for the short circuit analysis on the bus Maiduguri. 

 

Table 12: Report on the Short-Circuit Fault at Bus Maiduguri 

Bus 

 3-Phase Current Fault (kA) 

Line-to-Ground 

Current Fault (kA) 

Line-to-Line Current 

Fault (kA) 

*Line-to-Line-to-

Ground Current (kA) 

kV 

Real 

Component 

Imag. 

Component Mag. Real Imag. Mag. Real Imag. Mag. Real Imag. Mag. 

Maidugiri 330 0.09 -0.78 0.78 0.08 -0.37 0.38 0.67 0.08 0.68 -0.71 0.04 0.71 

 

The 3-phase fault showed the highest current at 0.78 kA. The line-to-ground fault had the lowest current at 0.38 kA. 

The currents for the 3-phase fault, line-to-ground fault, and line-to-line fault are  0.78𝑒−𝑗90𝑜
, 0.38𝑒−𝑗76.82𝑜

 and 

0.68𝑒𝑗6.76𝑜
 respectively. 

Table 13 gives the sub-transient cycle result (voltages) for the short circuit analysis on bus Maiduguri. 

 

Table 13: Symmetrical Component of the Phasor Voltage for Bus Maiduguri 

Buses 
3-Phase 

Voltage/Current Fault 
Line-To-Ground Fault 

Sending Bus Receiving Bus 

% V 

From 

Bus 

kA Symm. 

Rms 

% Voltage at From Bus kA Symm. RMS 

Va Vb Vc Ia 3I0 

Maidugiri Total 0.00 0.78 0.00 130.07 136.82 0.38 0.38 

Damaturu Maidugiri 35.62 0.78 29.30 121.98 127.08 0.38 0.38 

 

The voltage stability in the five buses (Jebba Hydro, Shiroro Hydro, Olorunsogo gas, Yola bus and Maiduguri bus) 

was analysed using transient stability analysis. 

The rotor angle of the Jebba hydro generator was examined during a transient fault that occurred in the network 

between 0.75 seconds and 1.1 seconds. Figure 4 graphically illustrates the generator behaviour. 
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Figure 4: Jebba Hydro Generator Relative Power Angle 

 

The fault was cleared at 1.1 sec, but the generator rotor angle kept swinging, hence unstable. 

The VAr compensator was introduced at the bus Jebba hydro generator and the rotor angle stabilized. 

Figure 5. illustrates the extent of stability. 

 

 
Figure 5: Jebba Hydro Generator Rotor Angle after Compensation 

 

The rotor angle of the Shiroro hydro generator was studied when a transient fault was introduced into the network at 

0.75 sec and lasted till 1.1 sec. Figure 6. graphically illustrates the behaviour of the generator. 
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Figure 6: Shiroro Hydro Generator Relative Power Angle 

 

The fault was cleared at 1.1 sec, but the generator rotor angle kept oscillating, hence unstable. 

The VAr compensator was introduced at bus Shiroro hydro generator and the rotor angle stabilized. 

Figure 7. illustrates the extent of stability. 

 

 
Figure 7: Shiroro Hydro Generator Relative Power Angle after Compensation 

 

The rotor angle of Olorunsogo generator was studied when a transient fault was introduced into the network at 0.75 

sec and lasted till 1.1 sec. Figure 8. shows graphically, the behaviour of the generator. 
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Figure 8: Olorunsogo Gas Generator Relative Power Angle 

 

The fault was cleared at 1.1 sec, but the generator rotor angle kept oscillating, hence unstable. 

The VAr compensator was introduced at bus Olorunsogo gas generator and the rotor angle stabilized. 

Figure 9. illustrates the extent of stability 

 

 
Figure 9: Olorunsogo Gas Generator Relative Power Angle after Compensation 

 

Figure 10. represents the voltage magnitude for the buses before and after compensation. 
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Figure 10: Voltage Magnitude for the Buses before and after Compensation 

 

It can be seen that with the introduction of VAr devices at the defective buses, there was an improvement in the voltage 

magnitude. 

 

4.0. Conclusion  

This work presented the voltage stability study of the 330 kV grid network of Nigeria. The power flow in the grid 

network was studied to obtain the status of each bus in the network. From this study, critical and marginal buses were 

identified. Shunt faults were introduced to the critical buses and the sub-transient cycles of the faults were studied. 

Three-phase fault current was the highest of all other fault currents. Voltage stability on buses was also studied by 

conducting a transient stability assessment using adaptive Newton Raphson’s technique. A reactive power source 

(VAr source) was introduced to the network and its effect on the voltages of the buses was observed. An improvement 

in voltage magnitude was observed after the introduction of the VAr source.  

 

5.0 Recommendation 

The Nigerian Transmission Company (TCN) and distribution companies should consider implementing reactive 

power compensation devices such as VAr sources at critical buses to improve voltage stability and reduce the risk of 

power system collapse. 
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