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One of the most effective units of power system network is Static-Var Compensator (SVC) if 
it is used as series, parallel or combined compensator. Series compensation improves 
system regulation and transmission load ability, whereas shunt compensation (as 
capacitance) reduces feeder currents and hence feeder cross-sectional area which leads to 
the reduction of feeder costs. These types of compensation reduce generating MVA and 
MVAR. The reduction in system MVAR helps electrical companies to transmit more power 
and absorbing more customers without expanding power network. This paper shows the 
maximum amount of reduction in generating MVA that can be achieved by the use of the 
three types of compensations on 380 kV practical power system network for electrical 
company of the western region of Kingdom of Saudi Arabia by the use of computer Fortran 
program. 
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1. Introduction  

 
It is well known that the power system 

units are costly units though future demand 
can be met either by increasing the number of 
generating units or building new transmission 
systems or both [1,2]. The proposed study 
helps to increase the efficiency of the existing 
power system network to some extent. This 
can be done by the use of Static VAR Com-
pensator (SVC) in different connections. The 
study has been classified into three types; 
series shunt and combined compensation. 
Series compensation helps in increasing 
transmission line load ability, shunt compen-
sation (as capacitance) helps in improving 
system power factor and combined compensa-
tion helps in taking advantages of both tech-
niques. Above all previous advantages the 
computer output shows good reduction in 
system MVA generation by implementing SVC, 

which means more customers can be 
absorbed without increasing generation input 
power. The load flow used by computer pro-
gram is based on Newton-Raphson method.  
 

2. Compensation techniques 

 
 The 380 kV system under investigation 
consists of 12 buses, 7 cables, 16 transmis-
sion lines and several generating units as 
shown in fig. 1. To carry out compensation 
techniques, the output of load flow of 
computer program should be compatible with 
the practical system load flow of the electrical 
company. This step has been done 
successfully as shown in table 1. The second 
step is to carry out each type of compensation 
on the 380 kV power system network individu-
ally. The data given by electrical company, 
which represents the maximum demand, is for 
the eleventh of September 1999 at 03.00 pm. 
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The three types of compensations have been 
achieved as follows.   

 

2.1. Series compensation  
 

Series compensation is usually used to 
compensate up to 70% of transmission line 
reactance to increase line load ability. It is well 
known that maximum power transfer can be 
accomplished if transmission line reactance 
decreased to the lowest possible value [3], fig2. 

The equation, which governs this relationship 
can be written as: 
Pmax  = |E1| |E2| / X . 
 
where: 
E1  is the voltage of generation bus, 
E2  is the voltage of infinite bus, and 
X  is the transfer reactance between E1 and  
  E2.  

 

 
 
               

 

 
 
 
 
 
 
 
 

            
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 1. 380 kV power network. 
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Table 1 
Input/output data for 380 kV system 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Transmission line 

 
  

                                  
                                                                                                  
    

 E1              E2  
     

Fig. 2. Schematic diagram for load transfer. 
 

Another advantage of series compensation 
is the reduction in MVA generation caused by 
imposing this type of compensation. The 
system data of fig. 1 has been run by the 
computer program to compensate all the 
sixteen lines individually to show which of the 
compensated line can give better reduction in 
MVA generation. Table 2 shows that lines 
between buses 3-7 (RBG-HVM) give better 
reduction in MVA equivalent to 0.83% (31 
MVA) of the total system generation before 
compensation (3841MVA). Similarly, the 
previous process is repeated but now for each 
two lines simultaneously in different 
substations to find out the best two 
compensated lines give higher reduction in 
MVA generation. Table 2 shows that lines 
between buses 3-7 (RBG-HVM) and buses 3-5 
(RBG-HVE) give better reduction in MVA 
equivalent to 1.15% (45 MVA) of the total 
system generation (3841MVA). For three 
different compensation the computer program 
shows that the best three lines to be 
compensated are 3-7, 4-10 & 3-6 or (RBG-
HVM, YNB-MEDON & RBG-KMT) and the 
value of compensation is 1.38% (53 MVA) of 
the total generation. Finally, for four line 
compensation the computer program shows 
that the best four lines to be compensated are 
3-7, 4-10, 3-11 & 3-6 or (RBG-HVM, YNB-
MEDON, RBG-MEDSO & RBG-KMT) and the 
value of compensation is 1.53% (59 MVA). 
Brief computer results are shown  in  tables 3 
to 6. 
 
2.2. Shunt compensation  
 

Shunt compensation as capacitance bank 
is usually used to improve system power 
factor, which leads to decrease generation 
reactive power, line currents and hence cable 
costs. This   reduction   in   generating   MVAR  
reduces the generation of system MVA, which 
allows electrical company to absorb more 
customers without increasing the number of 
generators. Table 7 is divided into three parts 
namely, stage 1, 2 & 3. Stage 1 shows the best 
substation gives best reduction in generating 
MVA in which shunt compensator can be 
connected. Substation no. 6 (KMT) gives better 
reduction equivalent to 2.31% (89 MVA) of the
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Table 2 
Summary of computer results for the best series compensations 
 

Total system active     power before adding capacitance (Pg) = 3.645 p u  
Total system reactive  power before adding capacitance (Qg) = 1.212 p u  
Total system apparent power before adding capacitance (Sg) = 3.841 p u  
System base voltage = 13.8 kV      and    system base MVA   = 1000  
Case No. Line Added 

Xc (pu) 
Percentage              
of Xc 

New   Qg 
(pu) 

New  Sg 
(pu) 

∆ Sg 
(pu) 

Reduction   
in Sg (%) 

1 3-7 0.2878 70 1.099 3.809 0.032 0.833 

3-7 0.2878 70  
2 

3-5 0.1393 39 

 
1.054 

 
3.797 

 
0.044 

 
1.15 

3-7 0.2878 70 

4-10 0.2997 70 

 
 
3 
 
 3-6 0.2184 58 

 
 
1.017 

 
 
3.788 

 
 
0.053 

 
 
1.38 

3-7 0.2878 70 

4-10 0.2997 70 
3-11 0.3463 52 

 
 
4 
 
 3-6 0.2184 58 

 
 
0.995 

 
 
3.782 

 
 
0.059 

 
 
1.54 

 
Table 3 
Output of series compensation on line 3-7 (70%) 

 

 
 
 
 
 
 

Table 4 
Output of series compensation on line 3-7 (70%) & 
3-5 (39%). 

 
 
 
 
 

Table 5 
Output of series compensation on line 3-7 (70%), 
3-6 (58%). & 4-10 (70%) 

 
 
 
 
 
 

Table 6 
Output of series compensation on line 3-7 (70%), 
3-6 (58%).  4-10 (70%) & 3-11 (52%) 

 
 

 
 
 
 
 

Table 7 
Summary of computer results for the best shunt compensations 
 

Case No. Bus No Added 
Qc (p.u) 

New   Qg 
(p.u) 

New  Sg 
(p.u) 

∆ Sg 
 (pu)  

Reduction 
in Sg (%) 

1 6 0.314 0.891 3.752 0.089 2.32 

6 0.284  
2 

10 0.113 

 
0.785 

 
3.727 

 
0.114 

 
2.97 

5 0.128 

6 0.209 

 
 
3 
 
 

11 0.146 

 
 
0.691 

 
 
3.709 

 
 
0.132 

 
 
3.44 

 
Table 8 
Output of shunt compensation on bus 6 (Qc=0.314 pu)  

 
 
 
 

Table 9 
Output of shunt compensation on bus 6 (Qc=0.284 
pu) & 10 (Qc = 0.113 pu). 
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Table 10 
Output of shunt compensation on bus 5 (Qc=0.128 pu) , 
6 (qc = 0.209 pu) & 11 (Qc = 0.146 pu). 

 
 
 
 
 
 

 
 
 
Table 11 
Summary of computer results for the best combined compensations 
 
 Series  Parallel     

Bus 
no 

Added 
Qc 
(pu) 

New   
Qg 
(pu) 

New  
Sg 
(pu) 

∆ Sg 
(pu) 

Reduction   in 
Sg (%) 

Case 
No. 

Line Added 
Xc (pu) 

1 3-7 0.2878(70%) 
 
6 

 
0.212 

 
0.882 

 
3.752 

 
0.089 

 
2.32 

3-7 0.2878(70%)  
2 

4-10 0.2997(70%) 

 
6 

 
0.210 

 
0.855 

 
3.747 

 
0.094 

 
2.45 

 
6 

 
0.194 

 
 
3 
 
 

 
 
3-7 

 
 
0.2878(70%) 

 
11 

 
0.140 

 
 
0.733 

 
 
3.719 

 
 
0.122 

 
 
3.18 

3-7 0.2878(70%) 5 0.080 

4-10 0.2997(70%) 6 0.155 

 
 
4 
 
 7-8 0.0803(68%) 11 0.154 

 
 
0.636 

 
 
3.703 

 
 
0.138 

 
 
3.59 

 
total system generation of 3841 MVA. The 
maximum value of shunt compensation is 
taken as that value which will not convert the 
generation power factor to be leading.  

Stage 2 is for two-shunt compensation 
connected simultaneously at two different 
substations. The computer program shows 
that the best two substations which can give 
better reduction in System MVA are No. 6 & 
10 or (KMT & MEDNO). The reduction is 
2.96% (114 MVA) of the total system 
generation. In stage 3 the same process has 
been repeated for three substations to be 
compensated. The best reduction in 
generating MVA is found to be 3.43% (132 
MVA) if the compensation are at substations 
5, 6 & 11 or (HVE, KMT & MEDSO). Brief 
computer results are shown in tables 8-10.  
 
3.2. Combined compensation  
 

The aim of combined compensation is to 
get the advantages of both series and parallel 

compensations. Computer results shows that 
the best compensation can be achieved if 
parallel compensation is connected at substa-
tions 5, 6 & 11 or (HVE, KMT & MEDSO) and 
series compensation between substations 3-7, 
4-10 & 7-8 or (RBG-HVM, YNB-MEDNO & 
HVM-SAZ). Table 11 shows that the highest 
reduction in MVA generation is 3.59% 
(139MVA). It is worth mentioning that 
substations no. 5,6 &11 and lines no. 3-7, & 
4-10 which lead to the best combined 
compensation are the same substations which 
led to best parallel and series compensation 
individually. Complete computer results are 
shown in tables 12-15. 

 
Table 12 
Output of combined compensation on  
bus 6 (Qc=0.212 pu) line 3-7 (70%) 
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Table 13 
Output of combined compensation on bus 6 
(Qc=0.210 pu) line 3-7 (70%) & 4-10 (70%) 

 
 

 

 

 
 
 

Table 14 
Output of combined compensation on bus 6 
(Qc=0.194  pu) & 11 (Qc  = 0.140 pu) line 3-7 (70%) 

 
 
 

 

 

 
 

Table 15 
Output of combined compensation on bus 5 
(Qc=0.080  pu) , 6 (Qc = 0.155 pu) & 11 (Qc  = 0.154 

pu) line 3-7 (70%), 4-10 (70%) & 7-8 (68%) 
 

 
 

 
 

 

4. Conclusions 
 

It is clear from the computer results that 
the use of system compensation will lead to 
many benefits such as increasing 
transmission lines load ability which enable 
electrical company to transmit more power 
with the existing transmission lines, and to 
absorbs more customers without increasing 
the number of generators. The maximum 
reduction in generating MVA shown by 
computer results is 139 MVA, which is a 
considerable value that relief the electrical 
company from adding new generators. The 
limits imposed for serious compensation is up 
to70% of line reactance and for shunt 
compensation is just before the system 
becomes leading power factor. Because of 

loads always variable it is recommended to 
use SVC rather than bank of capacitors.  
 
5. Future studies 

  

1. Total amount of reduction of generating 
MVA in one full day and hence in one full 
year. 
2. The saving amount that can be achieved by 
using system compensations. 
3. Comparison study between 380 kV and 110 
kV systems. 
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