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Abstract  

The magnitude of power that a transmission line can safely 

convey relies on several constraints. These constraints may be 

classified into two types, namely; Thermal and Surge 

Impedance Loading (SIL). However, with reference to long 

EHV AC line proficiency of transmission capacity is less than 

its thermal limit and constrained by angular and voltage 

stability limits which regulate line loadability equal to its Surge 

Impedance Loading (SIL) level. For lengthy EHV AC lines the 

power proficiency of transmission is constrained by Surge 

Impedance Loading limit because of large inductance existing 

in the line. A decrease in line inductance will increase the SIL 

and improve transmission capacity. SIL improvement is 

dependent on various types of compensatory devices, namely, 

shunt and series compensation, where they have the ability to 

enhance the stability of the line. This paper discusses the 

methods to improve SIL of EHV AC transmission line by using 

the aforementioned compensatory devices at specific locations 

in the power system. The compensatory devices are 

implemented and analyzed with the aid of the Power World 

software and the results are presented.  

Keywords: Flexible Alternating Current Transmission System 

(FACTS) Devices, Power System Loadability, Surge 

Impedance Loading (SIL). 

 

I. INTRODUCTION 

The constant rise of the voltage of transmission, line lengths, 

and the number of sub-conductor bundles has highlighted the 

significance of the substantial line MVAR in EHV systems in 

addition to the corresponding voltage and reactive controls [1]. 

In the course of line-charging volt-amperes of a line which has 

surpassed the inductive VARs consumed and operation at 

insubstantial loads, there is an unwanted voltage rise 

throughout the line. The result of this voltage rise sequentially 

demands a greater insulation level, which presents a serious 

problem for the capacitive generator [2]. Furthermore, the 

problem is intensified when the VAR is supposed to flow to its 

maximum, resulting to transmission losses because of expanded 

interconnections in the Extra High Voltage (EHV) system.  The 

increase in demand has raised issues about system certainty and 

dependability. The deployment of series and shunt 

compensations has proven to be the most viable solutions since 

they can artificially reduce the transmission line distance; 

therefore, enhancing power transferability [3].  

Compensation has a significant effect in the reliability and 

stable operation of the power system. The series compensation 

is utilized for varying the line reactance and shunt 

compensation for stabilizing reactive power. Additionally, they 

control active power flow and the voltage [4]. Mostly, 

capacitors are utilized as a basic device for series and shunt 

compensation. Both series and shunt compensation have a 

significant effect on the Surge Impedance Loading (SIL). SIL 

is the load of the line in Mega Watt (MW) where the reactive 

power consumed by inductance and reactive power produced 

by capacitance should be equal [5]. SIL is also an indicator of 

whether the transmission line has been loaded above or below 

its stability limit. It will be an ideal state for the transmission 

line to produce high power capacity, very small voltage drops, 

and reduced power losses [6].   Based on the aforementioned, 

this paper demonstrates the effects of compensatory devices, to 

improve the SIL of transmission lines. The significance of 

power transmission capacity on transmission lines to be 

constrained by Surge Impedance Loading (SIL), it is to ensure 

that the transmission line is loaded at its SIL level. This causes 

the transmission line to be purely resistive. Hence, the voltage 

drop value decreases and resulting in enhanced power quality. 

The voltage drop that is above considerable value causes 

electrical equipment to operate below maximum performance. 

Consequently, SIL is important to implement to enhance the 

functionality of transmission lines. 

 

II. VOLTAGE PROFILE IMPROVEMENT 

Flexible Alternating Current Transmission Systems (FACTS) 

implementation is a cost-effective method to enhance 

transmission line power capacity. FACTS devices reduce 

power flow on the line that is experiencing high demand. It 

increases the voltage profile, upgrades loadability, and reduces 

transmission line losses. FACTS devices are a new awakening 

in technology, and their role is to bring about control and power 

transfer capacity in an AC system. It enhances the efficiency of 

the networks that already exist by re-dispatching the 

transmission line flow so that thermal limits are not exceeded 

[7]. FACTS devices' operation is to consume or produce 

reactive power demand to regulate the voltage level and control 

the impedance of transmission lines. Additionally, other 

alternatives can be used to accomplish above mentioned by 

employing compensatory devices. Hence, their application's 

most crucial point is to have a substantial impact on the system's 

weakest bus [8]. 

 

III. LINE LOADABILITY RELATED TO VOLTAGE 

STABILITY CONSTRAINS 

Saint Claire’s curve [5], also known as the transmission line 

loadability curve, is a method that swiftly estimates the 
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transmission line's power transfer capacity where it applies to 

all voltage levels. It is recognized as a convenient tool that can 

measure the maximum loading limits on the transmission line. 

Figure 1 illustrates the relationship between the Surge 

Impedance Loading and the transmission line length. It is used 

as a suitable estimation for the maximum limits associated with 

power capacity transfer [9].  

Figure 2 indicates the loadability curves for long transmission 

lines before and after compensation. The power level is 

expressed per unit of the SIL of the respective lines. 

 

 

Figure 1: Typical St. Claire Curve [1]. 

 

 

Figure 2: Loadability Curves Comparison Between 

Compensated and Uncompensated [7]. 

 

The following conclusions are drawn regarding the above 

diagrams illustrated in Figure 2 [9]: 

- Thermal restrictions limit short transmission lines; 

hence, the thermal limit curves decline as the load 

increases. 

- An uncompensated transmission line causes voltage 

instability as the transmission line’s length increases. 

- The voltage stability limit is the most important as the 

transmission line length increases. Due to the voltage 

drop of the load centers is beyond the power quality 

limit. This leads to the extinction of the voltage 

stability limit since there is a voltage increase effect of 

long lines. 

In recent years, the power system voltage stability has drawn 

considerable interest in the industry. Hence, it is also essential 

to include the voltage stability limit in the line loadability curve. 

The power system has experienced severe pressure due to the 

ineffectiveness caused by generation and transmission 

infrastructure. The kind of pressure established in the power 

system has raised concerns with respect to voltage instability. 

Voltage stability is the potential of a network system to sustain 

voltage in order for load admittance and load power to increase; 

hence, both voltage and power become controllable [10]. 

 

IV. FACTS DEVICES 

FACTS devices are devices used to improve the voltage profile 

and the power transfer efficiency of transmission lines. A few 

devices contributing to transmission lines will now be 

explained:  

A. SHUNT COMPENSATORS 

It is used to compensate for the reactive power demand in a 

power system, ensuring the voltage profile is within the correct 

limits during high-demand conditions. Due to an improved 

voltage profile, the power demand becomes less, and the power 

losses decrease [11]. 

B. SERIES COMPENSATION  

Series capacitors are used to compensate for the inductance of 

the transmission line. Thus, increasing the transmission line’s 

capacity and its stability [11]. 

C. SYNCHRONOUS CONDENSERS 

Synchronous machine running without a prime mover of a 

mechanical load. By controlling the field excitation, it can be 

used to either generate or absorb reactive power. They 

automatically regulate reactive power output to maintain a 

constant terminal voltage using a voltage regulator [12]. 

D. STATIC VAR COMPENSATOR (SVC)  

An SVC is a fixed shunt capacitor parallel with a controlled 

reactor to provide the power system with capacitance or 

inductance, whichever is required [13]. These devices are 

extremely expensive and mostly found in HV power systems. 

E. ADDITIONAL METHODS 

Load Shedding is an alternative strategy to maintain the power 

system voltage constant. Load Shedding is a process of 

minimizing load demand, specifically interrupting the supply of 

power to alleviate strain on the power system. This method is 

the last resort when all other methods have failed. It is a control 

scheme, and its application can be executed automatically 

Uncompensated  

Compensated 
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(remotely) or manually [14].  

Generators can be used; hence, they have to start at a rapid rate 

initially. It is accomplished temporarily since voltage stability 

occurs for a short period. To resolve this, spinning reactive 

power reserves must ensure the operation of generators [15].  

 

 

Figure 3: Illustrates the Voltage Profile by Using FACTS 

Devices [16]. 

 

Figure 3 illustrates the effectiveness of implementing shunt 

compensation where the voltage profile is enhanced due to 

compensatory devices [16]. 

 

V. WEAKEST BUS LOCATION 

It is unrealistic to perform a thorough scan of the power system 

to anticipate any contingencies on the extensive and perplexing 

system. There are specific techniques called voltage indices 

utilized to minimize the computation to a reasonable level. 

Their primary objective is to forecast voltage collapse and 

provide accurate data on where the exact location is affected by 

the voltage instability [16].  These methods are referred to and 

depicted as follows: 

A. Q-V CURVE 

Illustrates the amount of reactive power required for the 

affected bus before getting to the lowest voltage limit. To 

maintain the system's voltage stability, the bus voltage must not 

reach the Q-V curve's critical voltage point [17]. 

B. P-V CURVE 

It is used to determine the loading limit of the power system. 

The limit is compared with the voltage collapse and the present 

operating point used as the voltage stability criterion. The 

operation limit is similar to the Q-V curve because the bus's 

voltage must not operate close to the critical voltage point [18]. 

C. VOLTAGE INDEX 

The Voltage Index can recognize the weakest bus or location in 

the power system and take necessary corrective measures to 

avoid voltage instability. Additionally, it produces voltage 

stability navigation at every node, enabling prompt diagnosis 

[16, 19, 20]. 

D. L-INDEX 

It keeps track of the present state and surge impedance loading 

limits. Whether the present state still exists within the power 

system's demarcation varies its range between 0 (no load) and 

1 (voltage collapse). It depicts the stability by measuring the 

distance of the system's exact state to the stability limit [19, 21, 

22]. 

E. MODAL ANALYSIS INDEX 

The Modal Analysis Index analyses the smallest eigenvalue of 

the decreased Jacobian Matrix. The smallest eigenvalue states 

that the power system is at the edge of experiencing voltage 

instability [18]. 

F. LINE STABILITY INDEX 

Monitors the line in between busbars linked in a network. 

Conditionally, if the stability is not more than one, this simply 

indicates that part of the power system is stable. Therefore, the 

quadratic equation is higher or equal to zero to obtain balance 

[18, 20, 22]. 

VI. POWER SYSTEM SIMULATION 

The power system network shown in Figure 4 is used to 

demonstrate the effects of compensation. It consists of five 

buses, all carrying single loads, of which two are adjacent to the 

only two existing generators in the power system. Lines of 

different lengths will be employed to transfer power from one 

zone to the other. 

 

 

Figure 4: Schematic Diagram of the Simulation. 

 

A. Power Flow Equation  

Reactive power is produced based on its capacitance and 

voltage level; hence, used to sustain the line's magnetic field. 

The magnetic field strength depends on the size of the current 

flowing through the line and inductive reactance. The amount 

of MVAR used in a transmission line is an outcome of the 

current flow (line loading) and inductive reactance. Figure 5 is 

an illustration of what has been discussed. 
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Figure 5: Schematic Diagram PI Model [21]. 

Mathematically, the Surge Impedance Loading of a line is the 

reactive power produced, equal to the reactive power 

consumed, i.e.; 

𝑉2𝜔𝐶 = 𝐼2𝜔𝐿          (1) 

Equation (1) can be rewritten as:  

𝑉

𝐼
= √

𝐿

𝐶
= 𝑍          (2) 

Where, 

V: Terminal voltage  Z: Surge Impedance 

L: Line Inductance I: Line current 

C: Line Capacitance 

Using equation (2), Surge Impedance Loading is given by: 

𝑆𝐼𝐿 =
𝑉2

𝑍
=

𝑉2

√
𝐿

𝐶

          (3) 

From equations (2) and (3), the Surge Impedance Loading of a 

line is inter-dependent to the line capacitance. Consequently, to 

enhance the SIL level, the inductance in the line is reduced, and 

the capacitance increased. 

B. PROPOSED COMPENSATORY METHODS 

The popular types of compensatory methods that are available 

as discussed in section IV in practice are namely:  

 

- Shunt compensation, 

- Series compensation, 

- Synchronous condensers, and 

- Static VAR Compensation. 

Figure 6 illustrates an equivalent circuit of an AC generator 

supplying an inductive load with its phasor diagram. 

 

Figure 6:  Equivalent Circuit of Alternator Supplying 

Electrical Energy to an Inductive Load [11]. 

Based on the phasor diagram, it can be expressed that, 

Where, 

E: Sending End Voltage  R: Resistance 

X: Reactance   P: Active Power 

Q: Reactive Power  I: Current 

V: Receiving End Voltage 

𝐸2 = (𝑉 + ∆𝑉)2 + (𝜕𝑉)2             (4)  

 = (𝑉 + 𝐼𝑅𝑐𝑜𝑠𝜑 + 𝐼𝑋𝑠𝑖𝑛𝜑)2 + (𝐼𝑋𝑐𝑜𝑠𝜑 − 𝐼𝑅𝑠𝑖𝑛𝜑)2  

= (𝑉 + (𝑅𝑃/𝑉) + (𝑋𝑄/𝑉))
2
                          

 

Therefore, 

∆𝑉 = (𝑅𝑃 + 𝑋𝑄)/𝑉 and
  

𝜕𝑉 = (𝑋𝑃 − 𝑅𝑄)/𝑉
 

For 𝜕𝑉 <<< (𝑉 + ∆𝑉), 𝐸 − 𝑉 = ∆𝑉  

= (𝑅𝑃 + 𝑋𝑄)/𝑉  

= 𝑋𝑄/𝑉(𝑆𝑖𝑛𝑐𝑒 𝑅 <<< 𝑋)            (5) 

This paper focuses specifically only on the Series and Shunt 

Capacitor compensation methods. 

C. SHUNT CAPACITOR COMPENSATION 

Shunt capacitors are parallel connected to the load bus to supply 

MVARs and enhance the voltage profile. This method supplies 

reactive power required by inductive loads to reduce reactive 

power conveyed over the lines. Therefore, the voltage over the 

load is sustained. The mathematical expression of the voltage 

drop on a transmission line with a lagging power factor is given 

by: 

𝑉𝐷 = 𝑅𝐼𝑅 + 𝐼𝑋𝑋𝐿          (6) 

Figure 7 and 8 illustrates the equivalent circuit and the phasor 

diagrams for a uncompensated and compensated power system 

respectively. 

 

Figure 7: Uncompensated Transmission Line [11, 23]. 

 

 

Figure 8: Shunt Capacitance Compensated Transmission Line 

[11, 23]. 
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The voltage drop with a lagging power factor after shunt 

compensation is given by: 

𝑉𝐷 = 𝐼′𝑅 + 𝐼′𝑋𝐿 − 𝐼𝐶𝑋𝐶         (7) 

The distinction between the voltage drop is the upsurge in 

voltage caused by the compensation of the capacitor and may 

be expressed as: 

𝑉𝑅 = 𝐼𝐶𝑋𝐿          (8) 
 

D. SERIES CAPACITOR COMPENSATION 

Capacitors are connected in series with long transmission lines 

to improve the receiving-end voltage. Therefore, enhancing 

transmission line capacity by decreasing active power line 

losses. The phasor diagram of a series compensated 

transmission line is illustrated in Figure 9. The mathematical 

expression for a voltage drop on a transmission line with a 

lagging power factor where the compensator is connected at the 

receiving-end may be expressed as: 

𝑉𝐷 = 𝐼𝑅𝑐𝑜𝑠𝜃 +  𝐼𝑋𝐿𝑠𝑖𝑛𝜃         (9) 

 

 

Figure 9: Series Capacitance Compensated Transmission Line 

[11, 23]. 

 

E. DISTINCTION BETWEEN SERIES AND SHUNT  

COMPENSATION 

- The voltage enhancement caused by a shunt capacitor is 

equally distributed throughout the transmission line. 

Whereas the change in voltage between the two ends of the 

series capacitor where it is connected is sudden, and the 

voltage drop across the line is slightly affected.  

- For the same voltage enhancement, a shunt capacitor's 

reactive power capacity is higher than the series capacitors. 

- Shunt capacitors greatly enhance the load power factor. In 

comparison, series capacitors have a slight effect on the 

power factor. 

- When transmission lines experience high reactance, series 

capacitors compensate and improve the systems' stability 

and efficiency. 

F. MERITS OF COMPENSATION 

- Enhanced power generation, transmission, and 

distribution. 

- Voltage profile enhancement. 

- Reduction in reactive power demand. 

- Elevated load capacity by reducing overall demand. 

- Reduces power system losses. 

 

VII. IEEE FIVE BUS POWER SYSTEM 

The simulation is conducted using the Power World Simulator 

software. A five-bus power network will be simulated using the 

values populated in Tables 1 and 2. The aim is to study the 

behavior of the power system when applying the compensatory 

devices. 

Table 1: Transmission Line Details [22]. 

 

Table 2: Schedule Generation and Loads [22]. 

Bus 
Generation Load Voltage 

(p.u.) 
Type 

MW MVAr MW MVAr 

1 - - 65 30 1.04 
Slack 

bus 

2 0 0 115 60 1.00 
Load 

bus 

3 180 - 70 40 1.02 
PV 

bus 

4 0 0 70 30 1.00 
Load 

bus 

5 0 0 85 40 1.00 
Load 

bus 

 

To illustrate the comparison between compensated and 

uncompensated power systems, the IEEE five-bus power 

system is utilized. The objective is to monitor the performance 

by examining the voltage profile and reactive power using 

FACTS devices. 

 

 

Figure 10: IEEE Five-Bus System Before Compensation [22]. 
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(km) 

Resistance 

(p.u.) 

Reactance 

(p.u.) 

Changing 

(MVAR) 

Bus 1 - 2 64.4 0.042 0.168 4.1 

Bus 1 - 5 48.3 0.031 0.126 3.1 

Bus 2 - 3 84.8 0.031 0.126 3.1 

Bus 3 - 4 128.7 0.084 0.336 8.2 

Bus 3 - 5 80.5 0.053 0.210 5.1 

Bus 4 - 5 96.5 0.063 0.252 6.1 
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Reactive power has a crucial role concerning the voltage profile 

of the power transmission system. Enough reactive power may 

correct the power quality drawbacks, i.e., low voltage profile at 

substations, improvement of power factor, transmission 

capacity, and power system reliability. Both compensatory 

methods are used to enhance the power system characteristics. 

The installation of shunt-connected capacitors and reactors is a 

well-recognized method to improve the power system's voltage 

profile [13]. 

The control of reactive power in a power system is a challenge 

since it is a characteristic of the power system. Its loads can 

devolve in terms of the authenticity of supply. The aid of 

compensation can improve the deterioration, i.e., by producing 

and consuming a certain amount of reactive power. Hence, the 

performance of the evaluation of the five-bus system will be 

assessed for the voltage profile prior and post compensation. 

Thus, the voltage profile and the power losses may be analyzed. 

Therefore, a more favorable location of compensation for the 

voltage profile improvement is obtained, leading to decreased 

system losses, and increased transmission efficiency. 

 

VIII. SIMULATION AND RESULTS 

The most common approach in evaluating power system 

stability is to model the power system and implement a 

simulation. Due to the large size and inaccessibility of 

transmission systems, actual testing can certify to be 

complicated.  

This project's incentive was to design, simulate, and construct 

a five-bus, two generator power system to assess the 

implementation of Flexible Alternating Current Transmission 

System (FACTS) devices and their impact on the stability of 

the grid.  

The five-bus, two generator system, along with the load 

parameters, are provided in Tables 1 and 2.  These tables 

demonstrate the bus and line parameters.  After the schematic 

diagram seen in Figure 10 is modeled, the five-bus system will 

be simulated in two stages: uncompensated and compensated. 

Table 3: Bus Record Prior Compensation. 

BUS RECORD PRIOR COMPENSATION 

BUS VOLTAGE GENERATION LOAD SWITCHED 

NO. (p.u.) MW MVAR MW MVAR MVAR 

1 1 235.29 97.47 65 30 - 

2 0.92749 - - 115 60 - 

3 1 180 147.14 70 40 - 

4 0.88084 - - 70 30 - 

5 0.92779 - - 85 40 - 

TOTAL 415.29 244.61 405 200 - 

 

A. UNCOMPENSATED NETWORK 

Figure 11 is an illustration of the power system, prior 

compensation.  From observations, the voltage profile per unit 

at bus four is the lowest. Therefore, corrective measures will be 

implemented on that specific bus. 

 

 

Figure 11: Five-Bus System without Compensation. 

 

Table 4: Line Record Prior Compensation. 

LINE RECORD PRIOR COMPENSATION 

BUSES LOSSES 

FROM TO MW MVAR 

1 2 2.66 10.62 

1 5 3.33 13.54 

2 3 1.32 5.35 

4 3 1.37 8.66 

5 3 0.77 3.04 

5 4 0.85 3.40 

TOTAL 10.30 44.61 

 

B. SHUNT COMPENSATED NETWORK 

In the electrical power system, shunt capacitance decreases 

active power losses and guarantees satisfactory voltage levels 

during surplus loading conditions. Whenever there is a 

modification in load, the power system voltage magnitude will 

be influenced. With the drop in voltage level, the reactive power 

demand increases. If the reactive power demand is not satisfied, 

it leads to a further decline in bus voltage resulting in the 

cascading effect on neighboring regions. However, Table 5 

illustrates the influence the shunt capacitor compensation has 

on bus four identified as the weakest bus. 
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Figure 12:  Five-Bus System with Shunt Compensation. 
 

Table 5: Bus Record After Shunt Compensation. 

BUS RECORD AFTER SHUNT COMPENSATION 

BUS VOLTAGE GENERATION LOAD 
SWITCHED 

SHUNT 

NO. (p.u.) MW MVAR MW MVAR MVAR 

1 1 234.97 63.80 65 30 - 

2 0.92748 - - 115 60 - 

3 1 180 74.85 70 40 - 

4 1.05869 - - 70 30 102.24 

5 0.97121 - - 85 40 - 

TOTAL 414.97 138.65 405 200 102.24 

 

Table 6: Line Record After Shunt Compensation. 

LINE RECORD AFTER SHUNT COMPENSATION 

BUSES LOSSES 

FROM TO MW MVAR 

1 2 2.67 10.67 

1 5 2.84 11.55 

2 3 1.31 5.33 

4 3 1.17 7.44 

5 3 0.32 1.27 

5 4 1.66 6.64 

TOTAL 9.97 42.90 

 

C. GRAPHICAL COMPARISON BETWEEN SHUNT 

COMPENSATED AND UNCOMPENSATED NETWORK 

The shunt compensation device is connected in parallel; hence, 

it is referred to as shunt compensation. It supplies reactive 

power to buses in a close range that has a reactive power 

demand. Its purpose is to improve the voltage profile. Hence, in 

Figures 13 and 14, there is a rapid rise in reactive and active 

power on bus no. 4, whereby the shunt compensator is applied 

for the voltage profile correction. 

Figure 13: MVAR Comparison - Uncompensated vs. Shunt 

Compensated. 

 

Figure 14: MW Comparison - Uncompensated vs. Shunt 

Compensated. 

 

D. SHUNT VOLTAGE PROFILE 

For a high voltage transmission line, the line capacitance is high 

and plays a significant role in the receiving end's voltage 

condition. When the load exceeds Surge Impedance Loading 

(SIL), a sizeable reactive power will flow from the sending-end 

to the receiving-end. This causes a significant voltage drop in 

the transmission line. To improve the voltage at the receiving-

end, a shunt capacitor is connected at the receiving-end to 

generate and supply the required reactive power to the load 

through the line. Consequently, the voltage drop in the line is 

decreased. Thus, capacitors provide a leading reactive power to 

relatively meet the load's reactive power demand to control the 

voltage. Hence, Figure 15 illustrates the improvement of the 

voltage profile at which the shunt capacitor was implemented.  

IfXC =
1

ωC
 , the capacitance required for correction may be 

calculated by the following mathematical expression:  

𝑄𝐶 =
|𝑉2|2

𝑋𝐶
= |𝑉2|2𝜔𝐶                                                        (9) 

Where |𝑉2| is the magnitude of the receiving-end voltage. 
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Figure 15:  Shunt Compensation - Voltage Profile 

Improvement. 
 

E. SERIES COMPENSATED NETWORK 

Series compensated transmission lines use series capacitors to 

eliminate a portion of the transmission line's inductive 

reactance. Thus, employing compensation can enhance the 

power transmission capability of the line. In Figure 16, series 

compensation is implemented between bus 4 and 3. Table 8 

depicts the impact it has over the power losses, of which there 

is an improvement; the losses have been reduced. Lower 

transmission line loss in a power system increases the 

transmission efficiency and reduces the overall maximum 

demand, which reduces the overall cost of electricity. 

Figure 16:  Five-Bus System with Series Compensation. 

 

Table 7: Bus Record After Series Compensation. 

BUS RECORD AFTER SERIES COMPENSATION 

BUS VOLTAGE GENERATION LOAD 
SWITCHED 

SERIES 

NO. (p.u.) MW MVAR MW MVAR MVAR 

1 1 233.80 88.18 65 30 - 

2 0.92723 - - 115 60 - 

3 1 180 149.75 70 40 - 

4 0.92680 - - 70 30 102.24 

5 0.94021 - - 85 40 - 

TOTAL 413.80 237.93 405 200 102.24 

 

Table 8: Line Record After Series Compensation. 

LINE RECORD AFTER SERIES COMPENSATION 

BUSES LOSSES 

FROM TO MW MVAR 

1 2 2.87 11.48 

1 5 2.85 11.59 

2 3 1.25 5.09 

4 3 0.53 3.38 

5 3 0.47 1.86 

5 4 0.29 1.15 

TOTAL 8.26 34.55 

 

F. GRAPHICAL COMPARISON BETWEEN SERIES 

COMPENSATED AND UNCOMPENSATED NETWORK 

Series compensators are always connected in series with the 

power system. It operates as a voltage source. Series inductance 

takes place in lengthy transmission lines. For compensation, 

series capacitance is connected to reduce the effect of the 

inductance on the line. Therefore, as seen in Figures 17 and 18, 

the reactive power has decreased tremendously, especially 

between the buses where the compensatory device was 

implemented. Therefore, validating the decreased losses as 

illustrated in Table 8; thus, improves the transmission line’s 

efficiency. 

 

Figure 17:  MVAR Comparison - Uncompensated vs. Shunt 

Compensated. 

 

 

Figure 18: MW Comparison - Uncompensated vs. Shunt 

Compensated. 
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G. SERIES VOLTAGE PROFILE 

Series compensation consists of capacitors connected in series 

with the line at determined locations. Hence, Figure 19 

illustrates the improvement of the voltage profile of which is 

directly proportional to the active power liable for the 

efficiency, the increase in transmission capacity, and the power 

transfer capacity of a line. This may be mathematically 

expressed as seen in equation 10: 

𝑃 =
𝐸.𝑉

𝑋
𝑠𝑖𝑛𝛿         (10) 

Where, E: is sending end voltage. 

V: is receiving end voltage. 

X: is the reactance of the line. 

 

 

Figure 19:  Series Compensation - Voltage Profile 

Improvement. 

 

IX. CONCLUSION 

Compensatory devices' application has a beneficial effect on a 

power system by enhancing transmission lines at Surge 

Impedance Loading (SIL). The simulated power system results 

indicated that the shunt and series compensation impacted the 

power system as derived mathematically. Shunt compensation 

connected to the load bus, is utilized for enhancing various 

power system variables such as stability, voltage, power factor, 

etc. As a capacitor induces reactive power, the load bus voltage 

increases; thus, it is implemented when there is a highly loaded 

system. Series compensation is applied connecting a capacitor 

in series with a long transmission line.  The series 

compensatory device will improve the voltage drop in the 

transmission line. Thus, enhancing power transfer capabilities. 

In addition, series compensation induces reactive power in the 

transmission line to enhance the impedance of the system, 

therefore improving the overall efficiency of the transmission 

line.  
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