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Abstract - Electrical Energy is generated at the generating power stations. These generating power stations may be located 

either near or far away from the load centers. Generally, load centers are away from the generating stations. For power 

transmission purposes, transmission lines are required, which may be overhead transmission lines or underground cables. In 

this paper, we only consider air-insulated and gas-insulated transmission systems. For the last forty-five years, another 

transmission technique has been working in the power system field, which is called the Gas-Induced Transmission Line (GITL). 

In this research paper, we summarize the results and behavior of the overhead and GITL with different parameters like the length 

of the transmission line, the transmission line voltage level, etc. For simulation purposes, take one simple 40 Km line with a 220 

KV voltage level and show the same result next in the same transmission network with the change in line resistance, inductance, 

and capacitance, getting the result of a gas-insulated transmission network. Basic voltage regulation and efficiency are observed 

in this paper. Based on simulation results, we conclude that the most suitable design for a 40 Km short transmission line of 220 

KV is GITL. Also presented is the graph of receiving and sending ends voltages for both air-insulated and gas-insulated 

transmission systems. Although GITL may become our future transmission line based on performance and low losses. 

Keywords - High Voltage Gas-Insulated Transmission Line (HV-GITL), Over-Head Transmission Lines (OHTL), Voltage 

Regulation (VR), Ultra High Voltage Transmission Line (UHV-TL), Aluminium Conductor Steel Reinforced (ACSR), Gas-

Insulated Substation (GIS). 

1. Introduction  
Today, the energy demand increases with respect to 

population. At the same time, large-scale solar power plants 

and wind farms are in the planning phase or are currently 

being built worldwide. These large-scale windmills and solar 

plants may be on land and offshore power plants. Although 

windmills are best suited near the sea, and the sun is shining 

brightest in desert areas, but the loads are far away from the 

generating station. A transmission line is required for the 

transformation of power. This transmission line may be 

through overhead or underground cables. The transmission 

lines transmit the electrical power from one end to another 

end. Where overhead lines cannot be built, then there is 

another option, such as an underground cable and a new 

technique known as a Gas-Insulated Transmission Line 

(GITL). GITL provides an alternate underground cable system 

with all of the following capabilities: GITL will transmit the 

same power as the overhead line transmits. For example, in 

this case, 220 kV was studied, and the transmitted power was 

381 MVA[1]. The low magnetic field is an important 

advantage of GITL whenever residential zones are very close 

to the high-voltage transmission line. The city, which is a 

highly populated area, has sensitive instruments in hospitals 

with their sensitive imaging systems or all kinds of sensitive 

electronic equipment for private or business use. Many 

advantages of using this new technology in high power and 

voltage gas-insulated power transmission lines include huge 

amounts of current that can easily pass through the aluminium 

conductor of GITL. Due to the basic formula of resistance, 

resistance R is directly proportional to the inverses of the area 

of the aluminium conductor. Therefore, the area of the 

conductor is large in the case of GITL, which results in very 

low resistance present in comparison with normal overhead 

transmission lines and high voltage cables used in 

underground systems. Also, low transmission line resistance 

reduces the transmission line losses[2]. The 

present investigation is going on to discover the optimal size 

of the aluminium conductor used as a bare conductor in an 

enclosure of GITL. This will result in better voltage regulation 

and reduce overall cost. Similarly, the optimal size of the 

aluminium enclosure and aluminium conductor used for 

different high voltage transmission capacities suited for GITL 

is going on. In this paper, parameters are distributed in the 

transmission network and not taking the lumped network.   As 

in three-phase high voltage over-head transmission lines, they 

have double circuits for each phase [3].  

https://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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The voltage rating will increase with the increase in 

ACSR conductor diameter. In the same way, the aluminium 

conductor size of GITL also increases with respect to voltage 

level and capacity. So, these concepts are frequently adopted 

in Ultra-High Voltage Transmission Lines (UHV-TL) with the 

ultimate goal of dropping transmission line losses. Generally, 

large-diameter conductors in the overhead line with bulk 

power transmission are limited to some specific value only 

because it is very dangerous to build and use large-diameter 

conductors with various roadblocks such as public safety, 

right of way, and so on [4]. Recently, countries like North and 

South America, South Africa, Russia, China and India have 

been dealing with ultra-high voltage transmission levels like 

735 kV, 765 kV, 1000 kV, 1100 kV and 1200 kV [5,6]. 

Planning is underway in Europe and North America to 

electrically connect non-conventional sources of energy to the 

electrical UHV line load centres [7,8]. 

2. Over-Head Short Transmission Line 
An overhead short transmission line's effective length 

should not be less than 80 km, and the line voltage should not 

be less than 69 kV. Because the charging current is small on a 

short transmission line, the shunt capacitance may also be 

neglected, and additional parameters may be lumped into a 

short transmission line. The equivalent circuit of a short 

transmission line is represented in Figure 1. Based on the 

equivalent circuit diagram, Figure 2 illustrates the vector 

diagram of a short transmission line with the receiving end 

current Ir as a reference. Both the sending and receiving end 

voltages created an angle of ȹs and ȹr with the receiving end 

reference current Ir[1].  

 
Fig. 1 Equivalent circuit of a short transmission line 

 
Fig. 2 Vector diagram of over-head short transmission line 

2.1. Over-Head Short Transmission Line Parameters 
The capacitance of the shunt branch in a short 

transmission line is neglected, and hence, both sending and 

receiving end currents are equal, i.e. 

Is = Ir 

Since the phasor diagram of the short transmission line, It 

is clear that sending end voltage Vs is roughly equivalent to  

Vr + Ir.R.cos ȹr + Ir.X.sin ȹr 

Therefore,  

Vs = Vr + Ir.R.cos ȹr + Ir.X.sin ȹr 

Since it is assumed, 

ȹs = ȹr 

During the no-load condition, zero current passes through 

the transmission line because there is no capacitance. 

Therefore, at no-load conditions, the sending end voltage is 

equal to the receiving end voltage. According to the definition 

of power transmission line percentage voltage regulation, 

% Voltage Regulation of transmission line =

  
Power delivered at receiving end

Power sent from sending end
 100% 

% VR   =   
Vs−Vr

Vr
 100% 

=   
Ir.R.cos ȹr + Ir.X.sin ȹr

Vr
 100% 

                  % Per Unit Voltage Regulation     =  
Ir.R

Vr
cosȹr +

Ir.X

Vr
sinȹr = Vr. cosȹr + Vx. sinȹr 

Where Vx and Vr are the PU reactance and resistance of 

the short transmission line, respectively, the efficiency of the 

short transmission line can be defined as a ratio of a power 

receiving end to the power received at the sending end, and it 

is expressed by the equation below. Also, it is expressed in 

percentage value; 

% 𝐸𝑓𝑓𝑖𝑐𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑙𝑖𝑛𝑒

=
𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑑 𝑎𝑡 𝑟𝑒𝑐𝑒𝑖𝑣𝑖𝑛𝑔 𝑒𝑛𝑑

𝑃𝑜𝑤𝑒𝑟 𝑠𝑒𝑛𝑡 𝑓𝑟𝑜𝑚 𝑠𝑒𝑛𝑑𝑖𝑛𝑔 𝑒𝑛𝑑
100% 

% 𝜂 =
𝑃𝑜𝑤𝑒𝑟 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑎𝑡 𝑟𝑒𝑐𝑒𝑖𝑣𝑖𝑛𝑔 𝑒𝑛𝑑 𝑜𝑓 𝑙𝑖𝑛𝑒

𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑑 𝑎𝑡 𝑠𝑟𝑒𝑐𝑒𝑖𝑣𝑖𝑛𝑔 𝑒𝑛𝑑 𝑜𝑓 𝑙𝑖𝑛𝑒+3𝐼𝑟2𝑅
∗ 100% 

“cosȹs” is the power factor at the sending end. 

“cosȹr” is the power factor at the receiving end. 

“Vs” is per phase sending end voltage. 

“Vr” is per phase receiving end voltage. 

It is now obvious that the load current is inversely 

proportional to the power factor at the receiving end to 

transmit a certain amount of power. 

2.2. Over-Head Short Transmission Line Losses 

Electrical power is transmitted by several means, such as 

underground power transmission through power cables, 

overhead transmission lines through bare conductors, and gas-

insulated transmission lines through aluminium pipes. Based 
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on applications, each one has its advantages and utilizations. 

No matter how meticulously designed the electrical system is, 

losses exist and must be quantified before an effective 

portrayal of the system response can be computed. Because of 

the size of the area served by the power system, most of the 

system components are committed to transmission systems. 

The losses due to the overhead transmission line are higher 

than those of GITL. The Gas-Insulated transmission line uses 

compressed gas pipelines, which do not have any Corona 

effect, Ferranti effect, etc. Also, the diameter of the conductor 

pipe is important. The transmission line losses are a very 

important evaluation criterion. Because the high-power 

transmission lines are built for a lifetime or a long time, the 

losses also come along with the life of the line. Means energy 

losses in terms of money. MATLAB Simulink is used to 

simulate short overhead transmission lines. Table 1 shows the 

technical data of the overhead short transmission line [9-11]. 

As per the data given in Table 1, simulation is done on 

Simulink of MATLAB. The power is generated at the sending 

end side, and one RL load is connected to the receiving end 

side. Measurement blocks, displays, and scopes are used for 

all quantities measured. Measured quantities of overhead 

transmission lines are mentioned in Table 3. The standard 

frequency was taken as 60 Hz. 

2.3. High Voltage Gas-Insulated Transmission Line 

The High Voltage (HV) GITL is an alternate technique of 

overhead transmission and underground cables. Essentially, 

high voltage GITL includes four fundamental elements used 

in construction, like an aluminium bare conductor, aluminium 

enclosure pipe, and gaseous medium of insulation between the 

enclosure pipe and conductor. It may be pure SF6 gas or a 

mixture of insulating gases and physical support to the 

conductor by insulators made of epoxy resin to secure 

electrical isolation of the enclosure and conductor. The latest 

technologies used in GITL are robotics welding, compressed 

gas monitoring systems, etc. The epoxy resin insulators are 

used in GITL with uniform distance[6]. The insulators hold 

the current-carrying aluminium pipe at a very high voltage. 

Figure 3 shows the basic arrangement of GITL[3]. In between 

the enclosure and the aluminium conductor, compressed 

insulated gases are filled for insulation purposes. The same 

properties of insulating gases like sulphur hexafluoride and 

nitrogen are used with a defined standard ratio. Gases used for 

insulation may also be used in a mixture of CF3I/N2 [15]. 

Recently, the operating voltage or transmission voltage may 

be very high. In this paper, we deal with 220 KV transmission 

line voltage. In the latest research, the range of GITL voltage 

may reach up to 1500 KV[16]. Table 2 shows the line 

parameters of GITL. The connection between the active parts 

is usually only a few meters long. Because the electrical forms 

necessary for enclosures are frequently intricate, castings are 

employed widely for both active components and the flanges 

used for linking lines. To keep the installation light, the 

conductor and enclosure are often composed of aluminium 

[17]. 

Table 1. Technical data for overhead transmission line data 

Overhead Line Parameters Units 

Voltage (KV) 220 

Frequency (Hz) 60 

Inductance L in \ kilometre Length 

(mH per km) 
1.3263 

Capacitance Cb in \ kilometre Length 

(nF per km) 
Neglected 

Resistance R in \ kilometre Length 

(Ω per km) 
0.15 

Load in (MVA) 381 

Power factor 0.8 lag 

Length (Km) 40 

Table 2. Technical data for Gas-Insulated transmission line 

GITL Parameters Units 

Voltage (KV) 220 

Frequency (Hz) 60 

Inductance L \ kilometer length (mH per km) 0.187 

Capacitance Cb \ kilometer Length  

(nF per km) 
Neglected 

Resistance R \ km length (Ω per km) 6 

Load in (MVA) 381 

Power factor 0.8 lag 

Length (Km) 40 

 

 
Fig. 3 GITL unit for high voltage transmission 

2.4. Gases Used for Insulation 

The Sulfur hexafluoride (SF6) gas is the most often used 

gas insulator with strong arc extinguishing as well as 

quenching insulating properties [18]. SF6 may be a 

widely utilized gas and an exceptionally predominant choice 

in High Voltage (HV) and Extra High Voltage (EHV) devices 

as an insulation medium, also in a compact circuit breaker 

used in Gas-Insulated Substation (GIS) and power 

transmission lines. It is also non-flammable compared with 

insulated mineral oils, making it ideal for indoor 

substations. In any case, having the features mentioned 

above and properties of SF6. Unfortunately, it has been 

identified as a harmful greenhouse gas by the Kyoto Protocol, 

with the same quantity of both gases being 22,800 times more 

damaging than CO2 over 100 years [19-20] as 
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research was done in past decades on alternate insulating gas 

to sulfur hexafluoride SF6, covering candidates that 

distinguish-out including same gases like (Nitrogen, air, 

CO2), perfluorocarbons, and vacuum etc. All of these gases 

have advantages and disadvantages. 

2.5. Technologies which have recently emerged: 

Conventional gases such as nitrogen, air, CO2, or their 

combinations have a minimal global warming potential with 

exceptionally restricted dielectric strength of up to 

roughly 40% or less when compared to pure SF6. At break 

even with gas pressure, 20 percent SF6 component results in 

69 percent insulating capability of pure SF6. A pressure 

increase of roughly 45 percent is adequate to compensate for 

the lower dielectric strength compared to pure SF6; with this 

specific combination and pressure, the needed amount of SF6 

may be reduced by 71 percent when compared to pure SF6 

applications. At 0.7 MPa, a mixture of 20% SF6 and 80% N2 

is used for 420 kV GITL. The employment of these gases as 

a current or an insulating interruption medium would result in 

significant modifications in high voltage insulator product 

design, i.e. whether filling pressure or device size would be 

raised by a factor of at least 2.5. Excessive pressure expansion 

would affect vessels, enclosure design, and safety. Expanding 

the dimension would have a direct impact on the dimension 

footprint and cost of the product, rendering it unsuitable as a 

replacement product in existing electrical substations and 

switchyards. Vacuum is often used as an insulating medium in 

the medium voltage domain. This technology is currently 

highly developed and has been demonstrated to be robust [21- 

26]. High voltage domain application at 725 kV is currently 

state of the art, including experimental implementation at 145 

kV. However, due to the inherent characteristics of an 

insulating vacuum, such as its insulating material capability 

not being in direct proportion to the electrical insulation gap 

as it could be for compressed gas, there is a concentration of 

the insulating material capability for huge gaps in a vacuum, 

making the use of vacuum disrupters for higher voltage 

unlikely [23 - 26]. As more than just a result, the use of air at 

Ultra High Voltage does not appear to be economically 

feasible. Table 2 shows the technical data required for the 

simulation of the Gas-Insulated Transmission Line(GITL) 

model in MATLAB. Changes in the insulating gas dielectric 

constant will also change.  

3. Simulation Results of OHTL and GITL 
The simulation of MATLAB was utilized to model 

overhead and Gas-Induced Transmission Lines (GITL). The 

parameters of both lines will be different as per the data given 

in Tables 1 and 2. The simulation results of OHTL in 

MATLAB for a 40 km distributed line parameter model with 

381 MVA power are summarized in Table 2. In both the 

MATLAB simulation of OHTL and GITL, the common load 

with the same fixed length were used. Figure 4 shows the 

transmission line model. All the blocks with the sending end 

and receiving end are connected with the display block, which 

shows the actual values of the respective block parameter. 

Table 3. Simulation result 

Parameters OHTL GITL 

Sending End Voltage in KV 144.33 144.6 

Receiving End Voltage in KV 127 142.4 

% Voltage Regulation 14.05 2.096 

Efficiency in % 94.42 99.76 

Sending End Active Power in MW 322.8 383 

Receiving End Active Power in MW 304.8 382.1 

Sending End Reactive Power in MVAR 288.6 297.1 

Receiving End Reactive Power in MVAR 228.6 288.5 

 
Fig. 4 MATLAB Simulink model for high voltage transmission line 



Ansari Habiburrahman & M. Murali  / IJETT, 72(9), 321-326, 2024 

 

325 

 
Fig. 5 Graph of comparative results obtained from MATLAB simulation 

4. Conclusion 
The use of high-voltage underground cables for high and 

ultra-high voltage transmission is quite low as compared with 

overhead transmission lines. But, GITL was introduced into 

the power sector in competition with OHTL and under-ground 

cables with significant advantages. The simulation result 

shows the percentage regulation of GITL of only 2%, whereas 

the overhead transmission line shows it 14%.  

The difference also comes in receiving end voltages of 

OHTL and GITL. Similarly, the active power meet in GITL is 

approximately the same in transmitting and receiving ends. 

Meanwhile, in OHTL, the difference is 18 MW of active 

power. Day by day, the requirement for electrical power with 

low losses is increasing, and the population of the world is also 

increasing. So, for the new high-power transmission line, it is 

too tough to gain the Right of Ways (ROWs). Therefore, it is 

necessary to introduce an alternative to the high-voltage 

overhead and underground transmission lines. GITL may be 

an appropriate alternative for the future requirement while 

considering all the perspectives.  As the simulation result 

shows, the receiving end profile has a healthy output voltage 

when compared to the transmitting end profile. Thus, no 

compensation device is required to improve the voltage 

profile. The GITL simulation concludes that superior voltage 

regulation is obtained at different loading conditions. It is also 

clear that the transmission line efficiency of GITL has not 

been disturbed significantly. Based on the simulation results, 

this GITL concept will be beneficial for future high-voltage 

transmission and interconnections.  
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