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Abstract: The ability to transfer power in HVAC (High Voltage Alternating Current) system has undergone limitation by reactance when compared with 
the fact that systems of HVDC (High Voltage Direct Current) can be accumulated to thermal limitation of the conductor. The transfer of power capabilities 
in HVDC and HVAC systems are compared with reference to their performance in different situations. Technological analysis conversion of existing 
alternating current (AC) lines into direct current (DC) lines is being presented, the race of high voltage is being analyzed in environmental consideration 
context and HVDC systems of transmission are the appropriate path to energy transition in conclusion. 
 
Index Terms:HVAC and HVDC Power Transmission System, Power Electronics Converter, Rotor Angle Stability, Interconnection, Simulation of 
HVAC/HVDC Power System, AC and DC faults, Transient Stability and Performance Analysis. 
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1 INTRODUCTION 
Electrical energy transmission and distribution started with 
direct current (DC) but due to its inefficiency with regards to 
power loss in conductors, alternating current (AC) offered 
much efficiency better than DC as a result of easy 
transformation to higher voltages accompanied with lesser 
loss of power. Alternating current (AC) technology was 
accepted being the only feasible technology in terms of 
electrical power generation, transmission and distribution 
[7]. Despite the attribute of AC system, high-voltage 
alternating current (HVAC) transmission links has its 
disadvantages which results in the development of direct 
current (DC) transmission technology to supplement the 
alternating current transmission. Thyristor valves and 
mercury arc rectifier’s invention made it possible for design 
and the development of line commutated current sourced 
converters [3]. The feasibility of HVDC system of 
transmission has been technically proved. In 1954, the 
global first commercial HVDC system was constructed 
between the Gotland Island and mainland of Sweden 
having a rating of 100KV, 20MW and 200A. Current source 
converters (CSC) based HVDC transmission system has 
been in use for a while; high voltage rating device such as 
insulated gate bipolar transistors (IGBT) has accelerated 
voltage sourced converters (VSC) development for the 
application of HVDC in the range of lower power. VSC-
HVDC transmission system is now in use in the last years 
[5]. This paper presents comparison between HVAC and 
HVDC transmission technology, their power transfer 
capabilities, power quality, technical and environmental 
impact consideration in termsof power flow, underlying 
technology, HVAC/HVDC system configuration, operational 
performance between the existing high voltage AC/DC 
power systems. 
 
 
 
 
 
 
 
 
 
 

 

2 HISTORICALREVIEWS 
The application of high voltage alternating current (HVAC) 
in long distance transmission was a history. In addition the 
challenges behind transmission efficiency and stability in 
HVAC led to development and advancement of high voltage 
direct current (HVDC) technology which overcame the 
constraints in the direction of HVAC in long distance 
powertransmission to a great extent [15].The background 
history of AC against DC power system transmission 
emanated years back to 1880s, a period where power 
transmission was only feasible through the application of 
DC (direct current) technology, Sir Thomas A. Edison 
pioneered the first central electric station across the globe 
in 1882, which was known as the DC current technology 
and further built 121 direct current (DC) powergeneration 
stations in the United States in 1887 as electric power 
transmission line and then made incandescent bulbs, DC 
generators available feeding on direct current (as the only 
power system option available), an additional advantage 
was batteries being used for DC storage. The basic 
invention of Ampere, Volta, Galvani, Ohm and Oersted 
were in the field of DC [18].Later on, Sir George 
Westinghouse (American entrepreneur) and Sir Nicola 
Tesla became an antagonist to the DC technology. 
Irrespective of the initial dominance of DC, alternating 
current (AC) surmounted the DC for greater application due 
to availability of polyphase circuits, transformers and 
induction motor in the early 1880s to 1890s [17].The 
induction motors operate only with AC and serves as work-
horse in the industries while the transformer due to its 
simplicity regulates the voltage level for transmission and 
distribution purpose. This is the reason for AC application in 
domestic and commercial usage. For long transmission, DC 
is highly preferable than AC due to its environmental and 
technical advantages [13]. The poly-phase AC induction 
motor forms back bone support asset for the AC 
powertransmission technology, with the evolution of power 
transformer by Lucien Gaulard and John Dixon Gibbs 
(French inventors), further contribution to the development 
of AC technology was made. The significant advantage of 
AC over DC technology counterpart is the easy 
transformation of AC voltages permitting number of voltage 
levels in different forms for generation, transmission and 
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distribution. The need for long distance transmission came 
to reality as well as prominence in high efficiency, in HVAC, 
power transmission with lower power losses and high 
voltage became feasible. As the technology advances the 
invention of induction motor, poly-phase system and other 
machinery led to AC power systems prevailing the DC 
power systems[16]. AC power systems overhauls the DC 
power systems which had an earlier evolution advantage 
through the invention of poly-phase systems, induction 
motor and other machineries as the technology matures. 
Most of the present DC systems and networks has lower 
ratings (power) which were restricted to large human 
settlement with limited application in electric traction such 
as elevators, trains, trolley buses and railway systems 
which made Stockholm expressed his disapproval on DC 
system in 1970 while the CEGB (central electricity 
generating board) in the United Kingdom (London) 
possessed a 200 volts DC generating station in 1981 
situated at bank side power station on the region of  river 
Thames to feed a DC printing machine in fleet street (heart 
of UK newspaper industry) before all DC systems were 
replaced by AC systems in November 2007, eventually 
consolidated Edison  company having the last DC 
distribution was permanently shut down in New York 
[14].Technology has undergone metamorphosis, since the 
invention of electricity. AC remains the fundamental type of 
power infrastructure, however due to the development of 
power electronics converters (thristors, IGBT/diodes) and 
DC as energy sources, return of much attention in DC has 
occurred with the use of DC distribution system under 
several studies of investigation.In summary, AC was 
replacing DC technology in the end after a long delay 
followed by dispute among several inventors/researchers 
and engineers have always consider the advantages of DC 
over AC power system in terms of transmission and chose 
not to be dogmatic of one system over the other, their 
proposed work-around is to operate AC with DC systems 
for the purpose of mixed system advantages. The present 
day technology named as flexible alternating current 
transmission system (FACTS) is being used to overcome 
the AC system disadvantages through using DC systems. 
HVAC and HVDC can be compared in brief on various 
aspects in terms of bulk power transmission, transmission 
capacity, quality control, transmission efficiency and 
asynchronous grids connection. 

 
3 Stability in rotor angle 
3.1Swing Equation and Dynamics in Rotor:The capability of 
a synchronous machine to retain synchronism (steady 
state) after subjection to disturbance in power system is 
known as rotor angle stability. Rotor angle stability is a 
function of machine’sequilibrium maintenance between the 
mechanical andelectromagnetic torque [1]. Newton’ssecond 
law of motiongoverns the rotor movement expressed below 

as: Pm – Pe = 
  

   
  X (d

2
δ/dt

2
) 

Pm = Mechanical power (PU) 
Pe = Electrical power (PU)   [1] 
At steady state of equilibrium in the power system, the 
mechanical and electrical power of the synchronous 
machine remains thesame producing no accelerating power 
meaning that in the interconnected power system, the 
synchronous machine’s rotor angle is at fixed angular 
position. Perturbation of the system’s disturbance such as 

3-phase AC, DC line fault (generating unit loss), the 
balance (equilibrium) between electrical (Pe) and 
mechanical (Pm) power is lost and thegenerator’s speed 
changes which will causeimbalance in active power 
generated by power system machines as illustrated by the 
simulated test results below: 

 
 

Figure 1: HVAC Power angle (δ = 46.0230), Speed (1803 
rpm), Electrical Power, (P¬e= 3790MW) 

 
Figure 2: HVAC Power angle (δ = 53.4480), Speed (1801 

rpm), Electrical Power, (P¬e= 4245MW) 

 

 
Figure 3: HVAC Power angle (δ =69.4780), Speed (1793 

rpm), Electrical Power, (P¬e= 5015MW) 
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Figure 4:HVAC Power angle (δ =90.0000), Speed 
(1792rpm), Electrical Power, (P¬e= 5530MW) 

 
Figure 5: HVAC Power angle (δ = 150.1700), Speed (1832 

rpm), Electrical Power, (P¬e= 3175MW) 
At maximum load angle, δ

0
 = 90

0
, the maximum output 

electrical power is given below: 

     
            

   
 sin (90

0
) = 5.0745pu. 

Increasing the mechanical power of the simulated HVAC 
system by unit steps of 0.5pu, in the order; 0.5-1.0pu, 1.0-
1.5pu, 1.5-2.0pu, 2.0-2.5pu, 2.5-3.0pu, etc. yields different 
load angle in order of increase, fluctuation in the machine’s 
speed, increase in the output electrical power and reduction 
in the transmission line reactance in order as shown in the 
tabulated table and calculation below: 

 
Table 1: Input and Output Behaviour of the Simulated 

HVAC Power Transmission System 
Mechanic
al-power, 
Pm(pu) 

Mechanical
-power, 
Pm(Megawa
tt) 

Load-
angle 
(δ

0
) 

degre
e   

Spee
d 
(rpm) 

Electrical 
power, 
Pe(Megawa
tt) 

Reactan
ce X(pu) 

0.5000-
1.0000 

505-1000 5.655 1800 500 0.2000 

1.0000-
1.5000 

1000-1500 11.369 1800 1012 0.1977 

1.5000-
2.0000 

1500-2000 17.145 1801 1519 0.1970 

2.0000-
2.5000 

2000-2500 22.916 1802 2015 0.1961 

2.5000-
3.0000 

2500-3000 28.668 1802 2495 0.1951 

3.0000-
3.5000 

3000-3500 34.387 1803 2951 0.1942 

3.5000-
4.0000 

3500-4000 40.093 1804 3380 0.1934 

4.0000-
4.5000 

4000-4500 46.023 1803 3790 0.1927 

4.5000-
5.0000 

4500-5000 53.448 1801 4245 0.1921 

5.0000-
5.5000 

5000-5500 69.478 1793 5015 0.1895 

5.2365-
5.7365 

5236.5-
5736.5 

89.989 1792 5529 0.1836 

5.23662-
5.73662 

5236.62-
5736.62 

90.000 1792 5530 0.1835 

5.5000-
6.0000 

5500-6000 150.17
0 

1832 3175 0.1590 

 
3.2 Reactance Value for the Load Angle Variation:From the 
above table readings, calculation using power angle 

equation, Pe = 
      

 
 sin (δ

0
) when load angle, δ

0
= 5.65

0
 and 

reactance, X= 0.2pu 

(I). When δ
0
 =11.369

0
,     = 1.0pu, E = 1.0149pu, Pe = 

1.012pu 

   X = 
      

  
 sin (δ

0
) = 

            

     
 sin (11.369

0
) = 0.1977pu 

(II). When δ
0
 =17.145

0
,     = 1.0pu, E = 1.0149pu, Pe = 

1.519pu 

   X = 
            

     
 sin (17.145

0
) = 0.197pu 

(III). When δ
0
 =22.916

0
,     = 1.0pu, E = 1.0149pu, Pe = 

2.015pu 

    X = 
            

     
 sin (22.916

0
) = 0.1961pu 

(IV). When δ
0
 =28.668

0
,     = 1.0pu, E = 1.0149pu, Pe = 

2.495pu 

    X = 
            

     
 sin (28.668

0
) = 0.1951pu 

(V). When δ
0
 =34.387

0
,     = 1.0pu, E = 1.0149pu, Pe = 

2.951pu 

    X = 
            

     
 sin (34.387

0
) = 0.1942pu 

(VI). When δ
0
 =40.093

0
,     = 1.0pu, E = 1.0149pu, Pe = 

3.38pu 

    X = 
            

    
 sin (40.093

0
) = 0.1934pu 

(VII). When δ
0
 =46.023

0
,     = 1.0pu, E = 1.0149pu, Pe = 

3.79pu 

    X = 
            

    
 sin (46.023

0
) = 0.1927pu 

(VIII). When δ
0
 =53.448

0
,     = 1.0pu, E = 1.0149pu, Pe = 

4.245pu 

    X = 
            

     
 sin (53.448

0
) = 0.1921pu 

(IX). When δ
0
 =69.478

0
,     = 1.0pu, E = 1.0149pu, Pe = 

5.015pu 

    X = 
            

     
 sin (69.478

0
) = 0.1895pu 

(X). When δ
0
 =90.000

0
,     = 1.0pu, E = 1.0149pu, Pe = 

5.530pu 

    X = 
            

     
 sin (90

0
) = 0.1835pu 

(XI). When δ
0
 = 150.170

0
,     = 1.0pu, E = 1.0149pu, Pe = 

3.175pu 

    X = 
            

     
 sin (150.170

0
) = 0.1590pu 

From the calculated values and simulated table readings of 
the HVAC power transmission system, it is obvious that as 
the electrical power increases, the load angle also 
increases, the reactance reduces and the machine’s speed 
fluctuates (becomes unstable) thus losing control after 
attaining the maximum load angle limit (δ

0
 =90

0
,marginal 

stability) with speed increase(1832 rpm) beyond the load 
limit angle (δ

0
 = 150.170

0
). Also there is slight difference 

between the reactance (0.2pu) and output power 
(5.0745pu) value of the inbuilt simulated synchronous 
machine in connection to an infinite bus of the HVAC power 
system at maximum load angle of 90

0
 when compared with 

the calculated reactance (0.1835pu) and output power 
(5.530pu) value obtained this is due to non-uniformity of the 
system’sdesign(resistance, inductance and capacitance) 
and losses in consideration which doesn’t give the exact 
estimate when related to the software simulation. 

 

4.0 Analysis and Real Time Testing of HVAC 
System 
Before the HVAC power transmission system experiences 
transient disturbance, there is normal transmission of power 
(3-phase) movement from the generator (SSM)to the load 
with the regulation of step –uptransformer along the 
transmission line due to long distance journey which is 
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being conveyed through the busbar (B1), capacitorbanks 
for improvement in transmission capacity, power quality, 
efficiency and provision of reactive power compensation to 
reduce the level of harmonics developed along the 
transmission line incorporated with a protective device 
known as metallic oxide varistor (MOV) to control the level 
of energy-limit that can be accommodated by the capacitor 
to avoid burning off (truncation) before being conveyed 
through the second busbar (B2),proceeded by a step down 
transformer to reduce the voltage level suitable for the 
required consumer/industrial unit before distribution [2]. The 
waveform of the three-phase voltage-current transmission 
without fault condition on the bus bars (B1 and B2) 
alongside with the capacitor’s voltage, MOV’s current and 
the energy gap between MOV and the capacitor bank is 
displayed by a signal generator (data acquisition) below. 

 
Figure 1: Series compensated HVAC Waveform at sending 

end

 

 
 

Figure 8: HVAC Waveform without Series/Shunt 
compensation at sending end 

 

 
 

Figure 9: HVAC Waveform without Series/Shunt 
Compensation at receiving end 

 

 
 

Figure 10:Phase-A Capacitor’s voltage, MOV’s current and 
energy gap with no charges 

Figure 2: Series compensated HVAC waveform at 
receiving end 

On the line side of the capacitor bank, when fault (line to 
ground fault) is applied on line 1 (phase A) at a period of t = 
1 cycle, the initially closed two circuit breakers are open for 
a period duration of t = 5 cycles, a fault detection is 
simulated and the opening time occurs at a duration period 
of t = 4 cycles. The elimination of fault occurs at a period of 
t = 6 cycles (one cycle after the opening line). 
 

5.0 Transient Effect in a Line Fault 
Fault current occurs in a faulty transmission system as a 
result of massive current flow through network of electricity 
which can cause heavy damage to insulated equipment 
system, causing power surge that can charge devices for 
electrocution or possibly damage powered equipment 
bycurrent.High fault level in HVAC can affect the entire 

system from the generating unit to the receiving end 
thereby subjecting generator beyond its limitation in design, 
increase in temperature, distortion and amplification in air-
gap torque with unbalanced flux density [8]. There are 3 
types of asymmetric faults namely: line-to-ground fault 
(short circuit between line and ground), line-to-line fault 
(short circuit between lines) and double-line-to-ground fault 
(two lines in ground contact) [8]. Circuit breakers are used 
for fault clearing in power system. 
 
5.1 Line to Ground Fault in HVAC System 
The breaker for the fault is being programmed on phase A 
for a line-to-ground fault. The simulation is being tested and 
its waveform observation is demonstrated on the three 
scopes as displayed below 
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Figure 11: Line to Ground Fault Current on Series Compensated HVAC at sending end 
 

Figure 12: Line to Ground Fault Current on Series Compensated HVAC at receiving end 
 
5.2 Three Phase to Ground Fault Application 
From the block diagram simulation of the 3-phase series 
compensated HVAC power system, the block parameters of 
the dialog box is opened through the 3-phase fault  
 

 
block.Line A,Line B and Line C fault are selected to have 3-
phase to ground fault before running the simulation. 
 
 
 

 

 
Figure 13: Three Line to Ground Fault Current of HVAC System at Sending End 
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Figure 14: Three Line to Ground Fault Current of HVAC System at Receiving End 

 
6.0 Importance of Series Compensation in HVAC System 
Power Transfer on HighVoltage Alternating Current Lines: 
The system below explains power flow along HVAC 
transmission line. 
The transferred active power over the uncompensated lines 
(transmission) is expressed below by: 

Pe = 
       

 
 sin (δ

0
)   where, 

Es = Internal voltage (sending end) volts 
 

Er = Terminal Voltage (receiving end) volts 
X = Reactance transfer of the line (transmission) ohms 
Limitation in Higher power flow is produced from higher 
voltage. Lesser power losses and current in line is formed 
from highervoltage for same power. Thecomplexity in 
design, size of the conductor are the constraint factors on 
upper boundary of the system’s transmission level of 
voltage [4]. 

 
 

Figure 15: Non-Series Compensated transmission line [4] 

6.1SERIES COMPENSATION APPLICATION  

The utilization of capacitors in series to cancel a part of the 
inductive reactance in the lines is done by series 
compensation transmission lines, which can improve the 
capability in power transmission line applicable mostly in 
areas where there is great transmission distances, long 
transmission lines and large transfer of power over the 

required distances. To improve the performance in power 
system, modern high voltage transmission lines are series 
compensated for power transfer capacity enhancement, 
voltage control and power flow control enhancement [12]. 
The flow of power along the series compensated 
transmission line is illustrated by the figure shown below. 

 
Figure 16: Series compensation transmission line [12] 
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Hence the transferred active power by series compensated 
transmission line is computed below: 

P= 
       

      
 sin (δ

0
) 

P = active power (Megawatts) [12]. 
X = resultant reactance (ohm) 
XC = capacitive reactance (ohm) 
δ

0
 = load angle 

 

7.0 Transmission Principle of HVDC 
Electric power from HVAC is converted to HVDC or vice 
versa using HVDC converter. Alternative to AC for 
transmission of electric power between AC stations of the 
same or different frequencies or over long distances is 
HVDC system, converters in HVDC transformation up to 

2000MW and 900KV voltage has been constructed with 
feasibility of higher ratings technique. A detailed converter 
station has series/parallel several converters [11]. In the 
figure below connecting the converter transmission system 
in parallel with the AC transmission line and controlling the 
converter transmission will impact the AC power flow. 
Varying power factor of the DC transmission system gives a 
better utilization of the AC system; operation of the 
converter transmission with the best power factor is needed 
for the stressed condition of the system. A small reactive 
power value is required by the AC line which is being fed 
from the converter system.    
 

 
Figure 3: Flexible Alternating Current Transmission System [10] 

 
A detailed HVDC system has more than one converter (AC 
to DC conversion from rectifier and DC to AC conversion 
from inverter) in operation, the bi-directional property of 
HVDC is applied in cross-channel link (cross border trading 
of power) between England and France while others 
designed for power exportation from itaipu scheme in Brazil 
(remote station) may be in optimization for power flow in 
one direction such scheme in the non-preferred direction of 
flow may possess poorer efficiency or reduced capacity 
[11]. 
 

 
 

7.1 Perturbation of the AC Systems 
The steady state condition of the station (1 and 2) systems 
is shown below and perturbation (minor and severe) are 
applied at both station followed by monitoring the system’s 
recovery. A severe (3-phase-to-ground) fault is applied at 
station (2) bus bar, recovery of the system fromperturbation 
must be stable and prompt, waveforms from the scopes are 
displayed below: 

 
 
 
 

 

 
Figure 18: Step Voltage on AC System (1)
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At period, t=1.5s step is applied to the AC voltage system 
(1) during 7cycles (0.14s). The simulated result shows the 
deviation of active and reactive power from pre-disturbance 
is lower than 0.09pu and 0.2pu. The time of recovery is 

lesser than 0.3s and steady state is reached before 
initiation of next perturbation. 

 

 
Figure 19:3-phase to ground fault on AC System (2)

 
 
Fault is applied at a period of 2.1s during 6 cycles (0.12s) at 
station (2). It was noted that the DC transmitted power was 
almost halted during 3-phase to ground fault and there is 
increase in the DC voltage at a value of 1.2pu due to 
excessive charging of the DC capacitance side. DC voltage 
control over-ride which is a special function in the control (in 
station 1) of active power makes attempt towards the 
limitation of DC voltage within a fixed range, within 0.5s 
after the fault, the system recovers well and the damped 
oscillations in the reactive power has a frequency of 10Hz. 
The information obtained above from the simulation result 
representing peak values of voltage, 3-phase current with 
real and reactive power at the two converter stations are 
summarized below in a table. 
 
7.2 Analysis and Testing of an HVDC Power 
Transmission System 

 
Table 2: No fault condition Peak voltage, power andcurrent 

in the converter stations 

Converter (s) 
DC 
voltage, 
Udc (KV) 

Real 
power(MW) 

Reactive 
power 
(Mvar) 

Current, 
Iabc(KA) 

Station1(rectifier) 214.20 204.00 127.81 2.77 

Station2(inverter) 213.40 64.80 50.43 2.08 

 
Table 3: Line to Ground fault output values 

Converter (s) 
DC 
voltage, 
Udc (KV) 

Real 
power(MW) 

Reactive 
power 
(Mvar) 

Current, 
Iabc(KA)  

Station1(rectifier) 214.00 232.40 152.99 2.14 

Station2(inverter) 213.20 64.91 35.32 4.32 

 
 

 

 

 
Table 4: Three phase to Ground fault output values 

Converter (s) 
DC 
voltage, 
Udc (KV) 

Real 
power(MW) 

Reactive 
power 
(Mvar) 

Current, 
Iabc(KA) 

Station1(rectifier) 214.00 245.80 26.47 2.46 

Station2(inverter) 224.80 64.91 35.32 3.23 

 
7.3 Simulated Result Analysis for the Fault Current 

between HVAC and HVDC Transmission System 
 

Table 5: Comparison of Fault Current 

FAULT 
     HVAC 
(PEAK 
VALUE) 

    LCC-
HVDC 
(PEAK 
VALUE) 

   VSC-
HVDC 
(PEAK 
VALUE) 

Single 
line to 
ground 

9796 A 7401 A 4320 A 

Three 
lines to 
ground 

14,410A 4000 A 3230 A 

 
From the information/data illustrated above after running 
the simulation test from HVAC/HVDC power system, it is 
evident that VSC-HVDC has lower losses, higher 
transmission capacity and better power quality than LCC-
HVDC and HVAC power transmission system 
. 
7.4 Comparing Technology of VSC-HVDC and LCC-

HVDC 
The summary in brief between VSC-HVDC and LCC-HVDC 
technologies is tabulated in the table below: 
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Table 6: HVDC classic (LCC) and HVDC light (VSC) 
Technology 

 
Source: [9] 

 

8.0COMPARISON OF HVAC AND HVDC 
TRANSMISSION SYSTEM 
The application of alternating current (AC) in domestic and 
industrial uses has become very renowned; however there 
are limitations in AC which has led to the application of 
direct current (DC) transmission when considering long 
transmission lines in some projects. Comparing the 
technical details of HVAC to HVDC transmission is 
expatiated in other to justify HVDC transmission for remote 
places. The two important factors of HVDC transmission 
line are the voltage and current limits. The resistance of an 
AC conductor is much higher than that of a DC conductor 
as a result of skin effect which eventually lead to higher 
losses in AC transmission. The serious transient over 
voltages in high voltage transmission line are the switching 
surges, in HVAC transmission the amplitude values (peak) 
are 2 or 3 times the normal voltage crest while for HVDC 
transmission it is 1.7 times the normal voltage. There is less 
radio interference and corona in HVDC than that of HVAC 
transmission line. Reactive power is being produced and 
consumed by long HVAC overhead transmission lines 
which are a major challenge. Inclusion of shunt capacitance 
(C) and series inductance (L) per unit length on the 
transmission line with operating current (I) and voltage (V) 
[6]. 

 
9.0 CONCLUSION 
The detailed simulated experiment of HVDC and HVAC 
power transmission systems using MATLAB (Simulink tool) 
software has been carried out, presentation of comparison 
between both techniques has been done and a proof of 
higher voltage levels, power transmission capacity and 
power quality in the systems makes HVDC better than 
HVAC transmission to certain distance with less corona and 
losses. In HVAC lines long distances are unreachable in 
technical aspect without incorporation of intermediate-
reactive compensators. Stability problems in AC lines are 
caused by intermediate reactive components and 
frequency. HVDC system has no stability problem because 
of absence in frequency, hence no limitation in distance. 
There is less effect on natural environment and human by 
HVDC lines which makes it friendlier than HVAC lines to the 
environment.  
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