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Abstract: This paper presents the comparison of the Gas Insulated Transmission Lines (GITL) and XLPE 

cables for the problem related to voltage regulation in both the conductors at power transmission level. 
Due to current carried by the transmission line, there is a voltage drop in it because of the resistance and 

inductance associated with the line. Therefore, the receiving end voltage is usually less than the sending 

end voltage. The analysis on the problem is done by considering the change in output voltage of the line 
when a linear load is connected across it. To analyse the change in the voltage level with different 

loading conditions, a simulation model of the transmission system is prepared using MATLAB 

SOFTWARE 7.10.0. The results showed that GITL gives better voltage regulation as compared to XLPE 
cable. 
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_____________________________________________________________________________________
 

I. Introduction 

 The transmission system of India has been using overhead ACSR, AAC and HTLS conductors since 
decades for the transmission of power for all length distances. However, more than 32% of the power 

generated is wasted due to losses occurring in the system. The losses are occurring due to inefficiencies of 

the transmission system.  The power quality is greatly affected by these losses and the voltage profile has 

to be improved by using some compensating devices. At some places underground/overhead cables are 
being used with a mixed configuration with overhead lines. 

Cables are a superior option in comparison to the bare conductors because they provide a far better 

voltage regulation but due to the cost of digging, it is not used very extensively. With the increase in 
power demand and reduced right of way, overhead lines cannot be considered as the future solution. Also, 

if highly populated areas of the country are needed to be crossed, an alternative to overhead line is 

required. Gas Insulated Transmission Lines is a well suited option for transmission of power at high 
ratings. 

 

II. Gas Insulated Transmission Lines (GITL) 

Gas Insulated transmission lines are designed for bulk power transmission. They have high ampacities 
and high overloading capabilities [1]. The basic design of GIL includes a aluminium conductor, insulating 

gas mixture (SF6 and N2), epoxy resin insulator and aluminium enclosure. GITL can be used to transmit 

the voltage level of 66kV to 400kV (ac) at Indian standards and can transmit currents up to 5000A.  A 
pictorial view of the installed GITL cable is shown in Fig 1. 

 

Some of the outstanding features of GITL are large capacity, very low resistive losses, low capacitive 
losses, no external electromagnetic fields, no cooling needed, non- flammability, no aging, lower total life 

cycle cost, auto-reclosure property[2]. The mixture of gases SF6 and N2 used for insulation purpose have 

reduced the cost of the cable [3], also no correction of phase angle required (even for long transmission 

distances) [4]. GITL has an additional advantage that it can be used either above ground, directly buried 
or even in the tunnel. The Gas Insulated Lines can also be installed with shared structures for example in 

railway galleries and highway networks [5].  
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                         Fig 1. GITL Cable 

 

III. Kilometric Parameter Calculation for GITL: 

In the Gas Insulated transmission line, the resistance offered by the outer enclosure should be minimum 

since a current is induced in it which is almost equal in the magnitude and opposite in angle to the phase  
 

 

 

current. Therefore the parameters of the line are decided according to the positive sequence circuit. The 
model of GITL transmission line is as shown in Fig 2. It shows the different parameters to be calculated 

for the line.  

 

 
Fig 2: Model of GITL for small element ‘dx’ at positive sequence. 

 
In the above model: 

 

rph = kilometric resistance of the phase conductor 
ren = kilometric resistance of the enclosure 

ℓ = kilometric inductance of the circuit 

c = kilometric capacitance circuit 
g = kilometric conductance of the circuit  

 

The cross sectional view of GITL indicating the inner and outer radii of the conductor and the enclosure is 

shown in Fig 3. 

 

Kilometric resistance, r 
r=rph + ren (Ω/km)                         (1)              
rph = ρph/Sph  (Ω/km)                     (2) 

 

ρph= Resistivity of the phase conductor  (Ω mm
2
/km) 
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Sph   = Area of the phase conductor  

    
               Sph  = π (R2

2 
– R1

2
) mm

2
               (3) 

        

        R2 = outer radii of phase conductor (mm) 

        R1 = inner radii of phase conductor (mm) 
       

               ren  = ρen/ Sen (Ω/km)                    (4) 

 

       ρen= Resistivity of the Enclosure (Ω mm
2
/km) 

       Sen = Area of the Enclosure 

  
              Sen  = π (R4

2 
– R3

2
) mm

2
                (5)                       

      

       R4 = outer radii of enclosure (mm) 

       R3 = inner radii of enclosure (mm) 

 
 

Fig 3: One phase and Enclosure of GITL 

 

Kilometric Inductance, l 

                l = la + lb + lc (H/m)          (6) 
 

la = Phase internal Inductance (H/m) 

lb = inductance due to magnetic field between phase and enclosure (H/m) 

lc = enclosure internal inductance (H/m) 

 

Kilometric Capacitance, c 

                  c  =  
2𝜋Є𝑜

ln (𝑅₃/𝑅₂)
  (F/m)         (7) 

 

Єo = permittivity of the insulating gas mixture 

 
Since the insulating medium used in GITL is the gaseous mixture of SF6 and N2 which has very low loss 

factor therefore the value of kilometric shunt conductance g = 0. 

 

IV. Technical data and design for GITL 

The technical data for GITL is as shown in Table 1. The data is calculated using above equations and is 

used for designing of the model of GITL system for the simulation purpose. 
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Table 1: GITL specifications for 400kV system 

 

Nominal Voltage 400kV 

Maximum Voltage 420Kv 

Frequency 50 Hz 

Rated Nominal Current 2000- 4000 A 

Transmission Capacity 1500- 3000 MVA 

Overloading Capacity 
2.2*In For 10 Min. 

1.9*In For 1 Hours 

Capacitance 55 nf/m 

Resistances 10 MΩ/Km 

Inductances 220 nH/m 

Typical Length 1-100 Km 

Gas Mixture SF6/N2 Ranging From Up to 
20%- SF6 

80%-N2 

Laying Options 

• Directly Buried 

• In Tunnel 

• On Gallery 

 

 

VII. XLPE Cable 
XLPE is cross linked polyethylene solid insulation cable. At Indian standards, this cable is used on 33kV 

with a mixed configuration with overhead line at the distribution level. The cable is generally not used at 
power transmission level since the conductor size of the cable would be very large for high voltages. 

The short coming of XLPE cables is high cost, low transmission capability due to limited conductor cross 

section and the need of reactive power compensation. The sample of 400kV XLPE is shown in Fig 4. 

 

/ 

 

Fig 4: Sample of 400kV XLPE cable 

 
 

VIII. Parameter calculation for XLPE cable 

 
Resistance offered by XLPE, R 

R = Ro [1 + α( θ – 20
 
ºC)]                                      (8) 

Ro = Conductor resistance at 20º C 
α = 0.0393 for copper 

   = 0.0403 for aluminium 
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θ = operating temperature 

 

Inductance of XLPE cable, L 
 

L = 2.10⁻4. ln(
𝑎

0.779 𝑟𝑙
) (H/km)                              (9) 

a =  Phase axis distance (mm) 

rl = diameter of conductor over inner semiconducting    

       layer (mm) 

 
The capacitance of the cable is calculated as per the number of insulation layers provided. 

 

IX. Technical data of XLPE cable  
The technical data for XLPE Cable for the voltage rating of 400kV are as shown in table 4. 

Table 2: XLPE Cable specifications for 400kV system. 

 

Rated Voltage 400 Kv 

Maximum Rated Voltage 420 Kv 

Frequency 50 Hz 

Rated Nominal Current 2000-4000 Amp. 

Transmission Capacity 750-1000 MVA 

Overloading Capacity Is=
𝐈𝟏

√𝐭𝐬
  for 0.2 to 5 sec 

Capacitance 0.0113 µF/KM 

Resistances 23.10 mΩ/KM 

Inductances 0.858 mH/KM 

Typical Length 1-100 KM 

Laying Options 
 Overhead transmission line 

 Directly buried 

 

In the above table 

 Is - short circuit current for time ts 

ts- Short circuit duration 

I1- Short circuit current during 1 sec 

The short circuit time is taken to be 0.2 seconds. 

 

X. System Design (Simulation set-up) 

 

A model of pi network transmission line is designed for the simulation. A linear load is used to analyse 
the voltage sag in different loading conditions. The voltage regulation of both the systems is analysed in 

terms of p.u. output voltage.  

The system is designed according to the Indian standard with nominal voltage rating of 400kV and 

maximum voltage rating of 420kV. The frequency for the system is 50Hz. The section of the line is the 20 
km in length i.e. the line is connected to two 400kv generating stations from both the ends. The linear 

loads are simple RLC load.  For the transmission system, the load is the distribution system. The voltage 

rating of the system, frequency, length and values of the loads are same for both GITL and XLPE cable 
system but other parameters differ for the simulation purpose. 

 

The simulation model for the transmission system is as shown in Fig 5.  
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Fig 5: simulation model for analysing the power quality of 400kV system 

 

XI. Simulation result and discussions 

 

The simulation of the model is done for five different loading conditions i.e. the value of linear load is 
increased to analyse the voltage drop across the system in p.u. value. The graphs and table showing the 

result depict the loading conditions and the response of Gas insulated transmission line and XLPE cable. 

To compute the actual output voltage, the value of base voltage (Vb) is taken to be 400 kV and per unit 
value (Vp.u.) is taken from the simulation graph. The actual voltage (Vactual) is then calculated using the 

formula 

 
Vactual = Vp.u. . Vb                                                                                 (10) 

 

The voltage regulation (V.R) of a system is said to be the change in the load terminal voltage from no 

load to full load with respect to the no load. It is usually calculated in the percentage form.  
 

% V.R = 
𝐸−𝑉

𝐸
 × 100                                              (11) 

 
E = No load terminal voltage 

V = Full load terminal voltage 

 

 
 

Fig 6: Voltage (p.u) Of GITL supplying linear load of 400 MW 
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Fig 7: Voltage (p.u) of XLPE cable supplying linear load of 400 MW 

 

Fig 6-7 shows the graph obtained from the simulation of 400 kV systems of GITL and XLPE Cable when 

a linear load of 400MW is connected across the line. The graph for GITL shows that the output voltage is 
1 p.u. which means that the actual output voltage is 400 kV and there are no losses in terms of power. 

However, the graph for XLPE cable shows that the value for output voltage is approximately 0.97 p.u..  

which means that the actual value of the output voltage in this case is 388kV and there are certain amount 
of losses occurring in the system. The voltage regulation in case of GITL is 0% whereas that of XLPE is 

3%. 

 

 
 

Fig 8: Voltage (p.u) of GITL supplying linear load of 500 MW 
 

 
 

Fig 9: Voltage (p.u) of XLPE cable supplying linear load of 500 MW 

 

Fig 8-9 shows the simulation results when the loading of the line is increased to 500MW. The graph for 
GITL is still the same which means that even after increasing the load connected to the system, the output 
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voltage remains unaltered. The value for actual output voltage is 400 kV for GITL system and its voltage 

regulation is still 0%. But the graph of XLPE shows that there is a further decrease in the output voltage 
and the p.u. output voltage is decreased to 0.94. Therefore the actual value of the output voltage is 376 kV 

for this loading condition and the voltage regulation of the cable in this case for XLPE is 6% .  

 

 
 

Fig 10: Voltage (p.u) of GITL supplying linear load of 700 MW 
 

 
 

Fig 11: Voltage (p.u) of XLPE cable supplying linear load of 700 MW 

 

The loading of the system is further increased to 700MW and the resultant graphs for the output voltage is 

as shown in Fig 10-11. From the graph of Fig 10 it can be seen that there is no change in the output 
voltage for GITL i.e. its p.u. value is still 1p.u. which clarify that the voltage regulation of GITL is again 

0% , but there is a further decrease in the output voltage obtained in the case of XLPE cable. From Fig 11 

it can be seen that the p.u. value of voltage has now become 0.89 which means that the actual voltage has 

reduced to 356 kV and the value of voltage regulation is 11%. 

 
Fig 12: Voltage (p.u) of GITL supplying linear load of 800 MW 
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Fig 13: Voltage (p.u) of XLPE supplying linear load of 800 MW 

 

 
 

Fig 14: Voltage (p.u) of GITL supplying linear load of 900 MW 

 

 
 

Fig 15: Voltage (p.u) of XLPE cable supplying linear load of 900 MW 

 
The graphs in the Fig 12-15 show the output voltage when the system loading is further increased to 

800MW and 900MW. From Fig 12 and Fig 14, it can be seen that there is a slight decrease in the output 

voltage obtained from GITL line and its value has become 0.99 p.u. when the load connected is of 
900MW. It means that the voltage regulation of GITL at this loading condition has become 1% but for the 

same loading condition the value for output voltage of XLPE as shown in Fig 13 and Fig 15 has reduced 

to 0.85 p.u. and 0.81 p.u. respectively. It means that in these cases the actual value of voltage has reduced 
to 340 kV and 324 kV which clearly indicates that the value of voltage regulation has crossed the 

permissible limits of 9-10% and has become approximately 19%.  

This shows that GITL provides a good regulation to the system in comparison to XLPE cable and does 

not require any compensating devices to improve its voltage profile.  
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The results for the graphs obtained are also shown in the tabular form in Table 3 

  

Table 3: Results showing the comparison between GITL and XLPE cable for transmission system 
 

S.no Load (MW) 
GITL VOLTAGE 

(p.u) 

XLPE VOLTAGE 

(p.u) 

Voltage Regulation 

of XLPE 

1 400 1.0 0.97 3% 

2 500 1.0 0.94 6% 

3 700 1.0 0.89 11% 

4 800 1.0 0.85 15% 

5 900 0.99 0.81 19% 

 

 

XII. Conclusion 

 
The use of cables is quiet limited in India. But with the significant increase in the need of power and 

growing population it is very difficult to get right of ways (ROWs) to install new overhead lines with 

large poles and tower structures. Therefore an alternative to the overhead line is necessary. GITL is a 
suitable option for the future need considering all the technical aspects and the results clearly show that 

there is no need of any compensating device to improve the system voltage profile. It has been concluded 

from the simulation results that GITL gives far better voltage regulation results in comparison to XLPE 
cable at different load levels. Using the simulation model, the voltage regulation for both the cables can 

be seen and it can be said that the use of GITL would be advantageous for future interconnection of 

transmission system and also for upcoming transmission networks. 

 
This paper has presented the voltage regulation comparison of GITL and XLPE cable and is dealing only 

with the changes in the loading conditions of linear load. The analysis on the non- linear load would be 

shown in the upcoming paper and can be referred from some other journal. 
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