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Abstract— The low voltage profile in any power system due to increase in loading is the major issue to be focused for its 
reliable operation. In this view, this project deals with simulation of IEEE-24 bus system using SVC for voltage 
enhancement. Power flow solutions are obtained by simulating the IEEE-24 bus system in PSCAD/EMTDC platform. Line 
Voltage stability indices (L-index) at various lines are calculated to identify the critical lines. Then SVC devices are 
introduced at the buses connecting the critical lines and its effectiveness is evaluated for voltage enhancement. This 
assessment is done in two major cases, one with dynamic loading and another with single phase fault imposed at the critical 
area. Simulation is developed by using PSCAD/EMTDC simulation software ver. 4.2. 
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I. INTRODUCTION 
 
Voltage sag is the most common problem in heavily 
loaded power distribution systems. Today these 
problems have even higher impact on reliable and 
secure power supply in the world of globalization and 
privatization of electrical systems and energy 
transfer.  Usually in the electrical power transmission 
and distribution system, permissible voltage variation 
level is very less but due to heavy loading the voltage 
level is not maintained up to the mark. The load 
varies frequently; as a result reactive power 
requirement varies accordingly which may leads to 
voltage variations. Hence with local reactive power 
support, we can improve the voltage profile of the 
system . For the reactive power balance in the power 
system, fast and dynamically controlled compensators 
are used. They are Flexible AC transmission devices 
(FACTS). One of the most common variable 
impedance type FACTS devices are Static Var 
Compensators. SVC uses the combination of 
switching capacitors and reactors provide control 
over reactive power as per the requirement. SVC is an 
automated impedance matching device. It is also 
termed as static reactive compensator. Some of the 
advantages of SVC are cheaper, faster in operation, 
more reliable and higher capacity as compared to 
synchronous condensers. 
 
With the application of FACTS controllers, we can 
give local reactive power support and thereby we can 
improve the voltage levels in the most critical part of 
the system during overloaded condition as well 
during fault condition.  
 
The project mainly deals on identifying the critical 
lines by calculating the line voltage stability index 
known as L-index and Voltage enhancement is 
justified in this critical area after inserting of SVC. 

Here we will evaluate SVC performance in these 
cases,  
a. Case 1: Inserting the SVC at the critical area and 
system voltage enhancement is evaluated 
b. Case 2: Dynamic Loading in the critical area 
during line outages (Contingencies) of most critical 
line. 
c. Case 3: Single line to ground fault in the critical 
area during line outages (Contingencies) of most 
critical line.  
For the test system, here IEEE 24 bus RTS is 
employed and analyzed. System is modeled and 
simulated in different cases in PSCAD/EMTDC 
version 4.2 software. 
 
II. STATEMENT OF THE PROBLEM 
 
As stated in the earlier section, the Voltage collapse 
has very adverse impact on the reliable operation of 
the power system. Hence the objective of this project 
study is to eliminate the problem of low voltage 
profile due to increasing load on the existing system 
by incorporating the Static VAR compensator. Thus 
enhancement of voltage profile in the critical part of 
the power system is the primary aim. This needs the 
finding of critical part of the system that is the 
weakest or critical line of the system. For the test 
approach an IEEE-24 bus system is taken for the 
analysis.  
 
Primarily, the system has built and simulated for the 
identification of the most critical line by using L-
index approach. SVC control system is modeled, 
tuned and optimally placed to analyze the behavior in 
both steady state and dynamic conditions for 
obtaining the required voltage profile in the system. 
 
III. LINE STABILITY INDEX 
 
Voltage stability index abbreviated by Lij referred to 
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a line is formulated in this study as the measuring unit 
in predicting the voltage stability condition in the 
system. The mathematical formulation is very simple 
that could speed up the computation. The Lij is 
derived from the voltage quadratic equation at the 
receiving bus on a two- bus system.  
 
The general 2-bus representation is illustrated in Fig. 
1. 
From the Fig.1, the voltage quadratic equation at the 
receiving bus is written as: 

  (1) 
Setting the discriminate of the equation to be greater 
than or equal to zero, 

 (2) 
Rearranging Eq. 2, we obtain, 

 (3) 
Taking the symbols ‘i’as the sending bus and ‘j’ as 
the receiving bus, Lij can be defined by: 

 (4) 
Where, 
Z  =  Line impedance 
X  =  Line reactance 
Qj =  Reactive power at the receiving end 
Vi =  Sending end voltage 
 
Any line in a system that exhibits Lij closed to unity 
indicates that the line is approaching its stability limit 
and hence may lead to system violation. Lij should 
always be less than unity in order to maintain a stable 
system [7]. 

 
Fig 1: The general 2-bus representation 

 
Voltage stability analysis is performed to predict the 
point of voltage collapse using the proposed Lij. It is 
performed on IEEE 24-bus system. Initially system is 
simulated in PSCAD platform to obtain the power 
flow solution. The results are used to calculate the Lij 
for each line in the system. Results from this 
experiment indicate the point of voltage instability, 
weak bus and critical lines in the system. The critical 
line refers to a particular bus is determined by the Lij 
value close to 1.00, while the weak bus is determined 
by the maximum permissible load for the individual 
bus in the system. 

IV. STATIC VAR COMPENSATOR 
 
The Static Var Compensator (SVC), a first generation 
FACTS controller is a variable impedance device 
where the current through a reactor is controlled 
using back to back connected thyristor valves. The 
application of thyristor valve technology to SVC is an 
offshoot of the developments in HVDC technology. 
The major difference is that thyristor valves used in 
SVC are rated for lower voltages as the SVC is 
connected to an EHV line through a step down 
transformer or connected to the tertiary winding of a 
power transformer. Typical TSC-TCR type SVC 
Configuration is shown in fig2. 
 
The application of SVC was initially for load 
compensation of fast changing loads such as steel 
mills and arc furnaces. Here the objective is to 
provide dynamic power factor improvement and also 
balance the currents on the source side whenever 
required. The application for transmission line 
compensators commenced in the late seventies. Here 
the objectives are: 
 
1. Increase power transfer in long lines 
2. Improve stability with fast acting voltage 
regulation 
3. Damp low frequency oscillations due to swing 
(rotor) modes 
4. Damp sub synchronous frequency oscillations due 
to torsional modes 

 
Fig 2: SVC Configuration 

 
Fig3 SVC Control Characteristics 
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The steady state control characteristics of SVC are 
shown in Fig. 3 where ADB is the control range. OA 
represents the characteristic where the SVC hits the 
capacitor limit; BC represents the SVC at its inductor 
limit. 
 
V. SYSTEM MODEL AND SIMULATION 
 
There are three cases in which modeling of the test 
system is done.  
 Modeling of IEEE 24 bus system under normal 
condition (Base Case) 
In this base case simulation, we obtain the power 
flow solution of the system and the obtained results 
(values) are tabulated to calculate the L-index of each 
bus under steady state condition. The model is shown 
in fig.4 

 
Fig4 IEEE 24 Bus System PSCAD Simulation Model 

 
 Modeling of IEEE 24 bus system applying 
Dynamic loading at critical area of the system 
This is a special case of simulation in which we give 
dynamic loading at the bus which connected with 
critical lines and during the run time, these critical 
lines outage is created by inserting breaker model at 
the line end which connecting the buses. In the next 
phase, SVC is inserted along with dynamic load to 
assess the voltage enhancement at critical area of the 

system. Dynamic loading is imposed by several fixed 
loads of different rates which are injected in different 
intervals of time by using breaker control module in 
PSCAD. The developed dynamic loading model is 
shown in fig 5. 
PSCAD SVC configuration model is shown in fig 6. 
This component represents a 12-pulse Thyristor 
Switched Capacitor (TSC) / Thyristor Controlled 
Reactor (TCR) Static VAR Compensator (SVC) 
system. The controller design in PSCAD for SVC is 
shown in blocks in fig 7. Thus in this case the SVC 
performance is evaluated with dynamic loading. SVC 
Controller give firing pulses accordingly which 
sucseptance of SVC varies and controls reactive 
power. 

 
Fig 5 Dynamic loading PSCAD screenshot 

 
Fig 6  SVC model PSCAD screenshot 

 

 
Fig 7  SVC Controller model developed in PSCAD  

 
 Modeling of IEEE 24 bus system applying 
SLG Fault  at critical area of the system 
In this case the simulation includes not only the 
modeling of the system in base case, also the 
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modeling of the SLG fault at the critical area and 
voltage level enhancement is assessed with and 
without SVC by applying SLG fault 
 
VI. RESULTS & DISCUSSIONS 
 
L-index calculated for each line and tabulated to 
know the criticality of the lines. The obtained L 
indices in descending order is sorted and shown in 
Table 1. 
Thus from the above results we identified area 
comprising Bus-23, Bus-12, & Bus -13  is the most 
critical area of the system which has got high 
probability of system collapse when a contingency 
take place (Line outages of these connecting lines 
occur). Here we have to note that index very near to 1 
or equal to 1 is said to be critical but in our result 
highest index is 0.5121 which is literally a stable 
point. Thus normally IEEE-24 RTS is stable in steady 
state condition. 
 

 
Table 1 showing L-index of each line 

 
 Evaluation of Performance of SVC during 
Dynamic Loading 
The obtained simulated output voltage profile is 
shown in fig 8a, 8b, 8c, and 8d. 
 
 Dynamic loading Simulation at Bus 23 
 

 
Fig 8a shows Output voltage profile at bus 23 during dynamic 

loading without SVC 

 
Fig: 8b shows Output voltage profile at bus 23 during dynamic 

loading with SVC 
 

 Dynamic loading Simulation at Bus 12 

 
Fig: 8c shows Output voltage profile at bus 12 during dynamic 

loading without SVC 
 

 
Fig 8d shows Output voltage profile at bus 12 during dynamic 

loading with SVC 
 

It can be seen that the voltage profile is better that is 
0.95pu or 228KV or greater at bus 23 with SVC, 
whereas without SVC it goes up to 0.9 and below 
0.9pu or below 218KV after 2.5secs without SVC. In 
other words, there is voltage enhancement at bus 
23.Similarly in this case too, It can be seen that the 
voltage profile is better almost 1.0pu or 230KV or 
greater at bus 12 with SVC, whereas without SVC it 
goes up to 0.86 p.u or below 0.9pu that is 200KV 
between 1 to 1.5 secs without SVC. The variation of 
active and reactive power flows a each bus is shown 
and which implies the higher reactive power flow is 
compensated with SVC 
 
 Evaluation of Performance of SVC during SLG 
fault 
The obtained simulated output voltage profile is 
shown in fig 8a, 8b, 8c, and 8d. 
 
 SLG fault simulation at Bus 23 
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Fig: 8e  Shows Output voltage profile at bus 23 during SLG 

fault without SVC 
 

 
Fig: 8f shows Output voltage profile at bus 23 during SLG fault 

with SVC 
 

 SLG fault simulation at Bus 12 

 
Fig: 8g  Shows Output voltage profile at bus 12 during SLG 

fault without SVC 
 

 
Fig: 8h shows Output voltage profile at bus 12 during SLG 

fault with SVC 
 

During SLG fault of Phase A to ground at bus 23, the 
simulated voltage profile is observed in healthy phase 
C. Without SVC, the voltage in healthy phase C is 
around 202kV peak instead of 187.79kV peak***. In 
other words, overvoltage is observed in healthy 
phase. With connection of SVC at bus 23, this 
voltage is limited to around 189kV peak. Similarly 
the over voltage in the healthy phase at bus 12 is 
observed and it was curtailed with SVC. The 
curtailment of overvoltage in healthy phase neither 
protects the line nor improves the stability, but it will 
protect the equipment getting damaged due to 
saturation. 
*** (230kV RMS voltage converted to phase voltage 
is 230/√3 = 132.79kV RMS phase voltage. This 

converted to peak is 132.79 * √2 = 187.79kV Peak 
phase voltage). 
In all the above cases the rating of the SVC in MVAR 
is chosen accordingly with reactive power flow 
margin at that bus. 
 
CONCLUSIONS AND FUTURE SCOPE 
 
Today’s changing electric power systems create a 
growing need for flexibility, reliability, fast response 
and accuracy in the fields of electric power 
generation, transmission, distribution and 
consumption. In this view voltage stability 
assessment plays an important role to keep the system 
security and power quality. Hence this project has its 
importance from the view of today’s changing 
electric power system. This project studies on IEEE 
24 bus RTS for voltage enhancement uses 
PSCAD/EMTDC ver.4.2 for the simulation. This 
study has three stages, in first stage, system power 
flow solutions are obtained to know the voltage line 
stability index. Line connecting Bus no.23 and bus 12 
got highest index, hence it can be said that it’s a most 
critical line. But literally this steady state solution 
represents the index of 0.5121 which is neither near 
to 1 nor equal too. Hence it’s a most stable point. 
Thus IEEE 24 bus system is stable in its steady state 
condition. But during contingencies and over loaded 
conditions the L-index will vary and it has to be 
formulated separately 
 
In the second stage, lines’ having two highest L 
indices were removed (outages) and during which 
dynamic loading is applied at the bus 23 and bus 12. 
It was inferred that during dynamic loading the 
voltage was dipping which was made in acceptable 
range by inserting SVC. In both the buses, voltage 
enhancement is observed, 
 
In the third stage, SLG fault is created at bus 23 and 
bus 12 separately, output voltage profiles shows an 
over voltage in other two phases which was curtailed 
to normal range by inserting SVC. In both the cases it 
worked satisfactorily. Thus SVC is a more cost 
effective FACTS device to work for Voltage 
enhancement. 
Simulation of the system for different loading 
conditions and L-index formulation in each case for 
different load margin can be done apart from steady 
state assessment. Voltage stability analysis during 
LLL-G fault can also be assessed for dynamic 
studies. Other FACTS devices can be compared for 
the same work. 
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