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Abstract - Load flow analysis serves as a critical tool for 
analyzing and optimizing electrical power systems. In this 
paper, a comprehensive study on load flow analysis and 
voltage instability analysis is presented, focusing on a 220KV 
substation. The study encompasses various stages, including 
data collection, network model formulation, Y bus matrix 
development, Newton-Raphson analysis, and PV curve 
analysis. The primary aim of this investigation is to validate 
the design of new substations and upgrade existing ones, 
ensuring the safe and reliable operation of the electrical 
power system. The paper underscores the significance of load 
flow analysis in identifying potential issues and making 
informed decisions to enhance the overall performance and 
efficiency of the power system. This research adds to the 
existing knowledge in the field of electrical power systems and 
provides valuable insights for engineers and researchers 
working in this domain. 
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1. INTRODUCTION 

Load flow analysis is a vital technique utilized in electrical 
power system studies to ascertain the magnitude and phase 
angle of voltage at each bus in the network, as well as the 
real and reactive power flowing through the branches, and 
the apparent power transfer between buses. This analysis 
provides critical insights into the operational state of the 
power system, including factors such as voltage stability, 
power transfer capacity, power losses, and identification of 
potential issues that may lead to power outages. Voltage 
stability, specifically, pertains to the ability of the power 
system to maintain a stable voltage level within acceptable 
limits despite fluctuations in load conditions or other 
disturbances.  

Maintaining voltage stability is a crucial consideration in the 
operation and planning of power systems, as fluctuations in 
voltage levels can significantly impact the performance and 
reliability of electrical devices and equipment. 

This paper aims to conduct a detailed investigation into the 
significance of load flow analysis in substations. It 
encompasses a thorough examination of various aspects, 
including the collection of load flow data from the 
substation, formulation of the network model, analysis using 
the Newton-Raphson method utilizing MATLAB, and PV 
curve analysis utilizing PowerWorld simulator. The ultimate 

objective of this study is to foster a comprehensive 
understanding of load flow analysis in the context of 
substations and its practical applications. The findings of this 
research are expected to contribute towards the 
development of best practices in power system analysis, 
enhancing the knowledge and insights into this critical area 
of study. 

2. Theory 

Load flow analysis holds immense significance in maintaining 
the stability, reliability and efficiency of power systems 
within substations. As a pivotal component that bridges the 
transmission and distribution systems, substations play a 
vital role in the overall functioning of the power grid. Load 
flow analysis within substations facilitates the determination 
of crucial parameters such as voltage profiles, power flows, 
and loading conditions of vital components including 
transformers, switches and other equipment.  

The PV curve serves as a valuable tool in analyzing voltage 
stability, as it depicts the correlation between the magnitude 
of the system's voltage (V) and power (P) at a specific 
moment in time. The PV curve delineates the loadability 
limits of the power system, offering valuable insights into the 
stability margins of the system. 

Capacitor compensation is a technique used in power 
systems to improve voltage stability and mitigate voltage 
fluctuations. The effect of capacitor compensation on the PV 
curve is typically seen in the linear region and the knee point. 
When shunt capacitors are added to the system, they can shift 
the PV curve upwards, resulting in an increase in voltage 
magnitude for a given power level in the linear region. This 
means that the system can tolerate higher power demand 
levels without experiencing a significant drop in voltage, thus 
improving voltage stability. 

3. Methodology 

The study of load flow and PV curve analysis of a 220KV 
substation involves several steps, as outlined below: 

i. Data collection: The first step is to collect peak load 
readings and transformer ratings from the 
substation. 

ii. Bus network: The substation is modelled into a bus 
system network. 
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iii. Load flow analysis: The load flow analysis is 
performed using the Newton-Raphson method, 
which involves iterative calculations of the voltage 
and phase angles of each bus in the network until 
convergence is achieved. 

iv. Voltage instability study: A PV curve of a particular 
bus is plotted and permissible real load is 
determined. 

v. Reactive power compensation: Shunt capacitors 
helps in raising the voltage level and improve 
voltage stability. 

vi. Interpretation of results: The results obtained from 
the load flow analysis and voltage instability study 
are interpreted to determine the voltage and current 
distribution within the substation network, identify 
potential problems, and make informed decisions to 
improve the overall performance and efficiency of 
the power system. 

I. Case 1 

The circuit diagram shown in figure 1 was drawn using 
PowerWorld simulator and is a part of the 220kV substation 
Xeldem, Goa. The 220kV bus 1 is fed using 220kV AP 1 line 
coming from 220kV substation Ambewadi, Karnataka. It is 
then step downed using 100 MVA 220KV/110KV 
transformer. It is further step downed to 33kv using two 40 
MVA 110KV/33KV transformers. 10 MVA 33KV/11KV and 
6.3 MVA 33KV/11KV transformers are used to stepdown the 
voltage to 11kV. For station load a 200 KVA transformer is 
used which steps down the 33kV to 400V. 

 

Fig -1: Circuit 1 

II. Case 2 

The circuit diagram shown in figure 2 was drawn using 
PowerWorld simulator and is a part of 220kV substation 
Xeldem, Goa. The 220kV bus 1 is fed using 220kV PXR line 

coming from 220kV substation Ponda, Goa. It is then step 
downed using 100 MVA 220KV/110KV transformer. 50 MVA 
220KV/33KV transformers is used to stepdown the 220kV 
voltage to 33 kV. For station load a 200 KVA transformer is 
used which steps down the 33kV to 400V. 

 

Fig -2: Circuit 2 

3. RESULTS 

I. Case 1 

In this case the results of  load flow analysis and voltage 
instability study of circuit 1 as shown in figure 1 is discussed. 
Figure 3 shows the results of Newton Raphson analysis using 
MATLAB of the six bus system given in figure 1. Figure 4 
shows line flows and line losses of circuit 1. Figure 5 shows 
the magnitudes and phase angles of the bus voltages using 
MATLAB. Figure 6 gives the results of power flow analysis 
using PowerWorld simulator. A PV curve was plotted using 
PowerWorld simulator for 11kv bus (bus no.6) as shown in 
figure 7. The resulting changes in the system can be seen in 
figure 8. The knee point of the curve is achieved at a pu 
voltage of 0.80462 and at a maximum load of 28.22MW. 
Capacitor compensation of 10Mvar is then provided by 
connecting capacitor in shunt to the 11kv bus (bus no.6) and 
the improved results can be seen in figure 9. 
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Fig -3: Results of Newton-Raphson load flow analysis of 
circuit 1 using MATLAB 

 

Fig -4: Line flow and losses of circuit 1 using MATLAB 

 

Fig -5: Magnitudes and phase angles of the bus voltages 
using MATLAB 

 

Fig -6: Results of power flow analysis using Power World 
simulator 

 

 

Fig -7: PV curve of 11KV bus (bus no.6) 

 

Fig -8: Results of voltage instability analysis 

 

Fig -9: Results after capacitor compensation 

II. Case 2 

In this case the results of  load flow analysis and voltage 
instability study of circuit 2 shown in figure 2 is discussed. 
Figure 10 shows the results of Newton Raphson analysis 
using MATLAB of the four bus system given in figure 2. 
Figure 11 shows line flows and line losses of circuit 2. Figure 
12 shows the magnitudes and phase angles of the bus 
voltages using MATLAB. Figure 13 gives the results of power 
flow analysis using PowerWorld simulator. A PV curve was 
plotted using PowerWorld simulator for 110kv bus (bus 
no.2) as shown in figure 14. The resulting changes in the 
system can be seen in figure 15. The knee point of the curve 
is achieved at a pu voltage of 0.72393 and at a maximum 
load of 810.63MW. Capacitor compensation of 224.8Mvar is 
then provided by connecting capacitor in shunt to the 110kv 
bus (bus no.2) and the improved results can be seen in figure  
16. 
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Fig -10: Results of Newton-Raphson load flow analysis of 
circuit 2 using MATLAB 

 

Fig -11: Line flow and losses of circuit 2 using MATLAB 

 

Fig -12: Magnitudes and phase angles of the bus voltages  
using MATLAB 

 

Fig -13: Results of power flow analysis using Power World 
simulator 

 

 

 

Fig -14: PV curve of 110KV bus (bus no.2) 

 

Fig -15: Results of voltage instability analysis 

 

Fig -16: Results after capacitor compensation 

4. CONCLUSIONS 

In this paper Newton Raphson load flow analysis was 
performed using MATLAB. The various line flows and losses 
were also noted. Also PV curve was plotted to study the 
voltage instability of the power system network. Capacitor 
compensation is provided with the help of shunt capacitors, 
which are connected in parallel to the power system. Shunt 
capacitors inject reactive power into the system, which helps 
to raise the voltage level and improve voltage stability. The 
findings highlight the importance of accurate load flow 
analysis for determining steady-state operating points and 
the impact of voltage instability on power system 
performance. 
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