
INTRODUCTION

The initial  application of electricity started with the use of direct  current. The first 

electric power station was commissioned in 1882 in New York. This station used Edison 

Bipolar dc generators.

But with the invention of transformer, induction motor and the out break of the concept of 3 

phase AC power around 1890 initiated the use of AC. And from that day the reliability and 

flexibility of power transmission by AC is undisputable. That is why ac power transmission at 

high voltage is in use in most o the countries of the world. But no technology can ever be 

considered  the  end  point,  as  it  will  continue  to  evolve  as  the  innovative  human minds 

continue  to  unravel  the  mysteries.  The  inherent  simplicity  and  mainly  economic 

consideration have urged the power engineers to rethink in terms of DC at high voltage for 

power transmission.

It has been proved that AC is better from the generation and utilization point of view while 

DC is preferable in long distance power transmission. Thus optimum result can be obtained 

by  combining  the  two  system.  So  in  a  combine  system  the  generated  AC  voltage  is 

converted to DC voltage at sending end and the DC voltage is inverted to AC at receiving 

end. And this is the main thing is a HVDC transmission system. The High Voltage Direct 

Current (HVDC) technology is used to transmit electricity over long distances by Overhead 

transmission  lines  or  submarine  cables.  It  is  also  used  to  interconnect  separate  power 

systems, where traditional alternating current (AC) connections can not be used. 
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PRINCIPLE OF HVDC SYSTEM OPERATION

A high-voltage, direct current (HVDC) electric power transmission system uses direct current 

for the bulk transmission of electrical power, in contrast with the more common alternating 

current systems. For long-distance distribution, HVDC systems are less expensive and 

suffer lower electrical losses. Also to provide an asynchronous link between two ac systems, 

it is necessary to have a dc system in place. The dc system basically has two converter 

stations one at each end, connected by dc transmission line. The generated ac power is fed 

to the dc transmission line through converter station that that comprises transformers and 

thyristor valves.

The dc output voltage magnitude is controlled by varying the firing angle of thyristor valves 

in the converter. In rectifier the firing angle is between 00 to 900 while in inverter is in 

between 900 to 1800.
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MAIN COMPONENTS OF AN HVDC SYSTEM

In an HVDC system or in HVDC back to back coupling station, AC is converted in dc by 

means of  a combination of converter transformers and converter valves. Thyristor valves 

are most important important converting station equipment and other main equipments are 

converter transformer, DC reactor, harmonic filtering equipment, control equipment and 

reactive power compensation equipment.
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C  onverter  

3 phase arrangement inside a valve hall         3 phase converter arrangement

(500 kVdc / 825MW). (thyristor and arresters):

 Sending end converter works as rectifier (converts AC power to DC power), however 

converter at receiving end works as inverter (converts DC power to AC  power).

 Early static systems used mercury arc rectifiers, which were unreliable. HVDC 

systems using mercury arc rectifiers are still in service.
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 Then the thyristor came into picture and as it proved better it has replaced them. The 

thyristor valve was first used in HVDC systems in the 1960s. Now even the thyristor 

is being replaced by IGBT as they have better controllability.

 Because the voltages in HVDC systems, up to 800 kV in some cases, exceed the 

breakdown voltages of the semiconductor devices therefore several thyristors are 

connected in series/ parallel to form a valve to achieve higher voltage/current ratings. 

 The low-voltage control circuits used to switch the thyristors on and off need to be 

isolated from the high voltages present on the transmission lines. This is usually 

done optically. In a hybrid control system, the low-voltage control electronics sends 

light pulses along optical fibres to the high-side control electronics.

 Line-commutated converter: use thyristor as switch Self-commutated converter: use 

Gate-turn off (GTO) thyristor etc, as switch.

 Six or twelve pulse converters are used in modern HVDC scheme. But 12 pulse 

converter are preferred as the it contains minimum ripples.

 Each thyristor module consists of the thyristors and convertors towers is series 

connection of these thyristor. In addition to thyristor element each module contains 

daping and over voltage circuitary, voltage divider and firing control scheme. 

HVDC CONVERTER 

TRANSFORMERS

For six-pulse converter, a conventional 3-phase or 

three single phase transformers is used. 

For a 12 pulse converter bridge, the following conveter 

transformer may be used:

a) 2 X 3-phase 2-winding transformers 
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b) 3 X 1-phase 3-winding transformers

c) 6 X 1-phase  2- winding transformers 

Converter transformer are specially designed power transformers differing in many respects 

from the usual power transformer. The valve side transformer windings are designed to 

withstand alternating voltage stress and direct voltage stress from valve bridge. The current 

flowing through the windings here content have high harmonic contents. Thus the losses 

due to eddy current is high. The noise due to magnatostriction is higher and may require 

specially designed tank. Converter transformers serve several functions.

 Voltage transformation between the  AC supply and the HVDC system. 

 Supply of AC voltages in two separate circuits with a relative phase shift of 

30electrical degrees for reduction of low order harmonics, especially the 5th and 7th 

harmonics.

  Act as a galvanic barrier between the AC and DC systems to prevent the DC 

potential to enter the AC system. 

 Reactive impedance in the AC supply to reduce short circuit currents and to control 

the rate of rise of valve current.

DC Smoothing Reactors

Smoothing reactor is an oil filled, oil cooled reactor having a large inductance(0.27H to 

1.5H). A DC reactor is normally connected in series with the converter before the DC filter.

The main objectives of the reactor are:

1. To reduce the harmonic currents on the DC side of the converter.

2. To smoothen the ripples the direct current.

3. To reduce the risk of commutation failures by limiting the rate of rise of the DC line 

current at transient disturbances in the AC or DC systems.
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Filters

3 phase bridge converter employed in the HVDC transmission should convert pure 

AC to pure DC form but in practice the operation of converter generates harmonics in both 

AC and DC side. The harmonics doesnot interfere in the converter operation but they flow 

through the AC and DC line and produce several harmful effect such as overheating of 

capacitor and generator, over-voltage at points in the networks, interference with protective 

gear , interference with nearby communication systems.

An n-pulse converter generates harmonics predominantly of the order of nx±1 on AC side 

and nx on DC side where x is an integer and n is usually 6 or 12. So it is important to 

provide filters for both AC and DC side. The following are the types of filter used in HVDC 

system.

AC  f i lt er

AC filter are RLC circuits connected between phase ad earth. They offer low impedance 

to harmonic frequencies. Thus, AC harmonic current are passed to earth. Both tuned 

and damped filter arrangement are used. The AC harmonic filter also provides reactive 

power required for satisfactory operation of converter.

DC  f i lt ers
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DC filters are connected between pole bus and neutral bus. It diverts DC harmonics 

to earth and prevent them from entering DC lines. Such a filter does not supply reactive 

power as DC line does not require reactive power.

Hig h f re qu ency fi l te r

HVDC converter may produce electrical noise in the carrier frequency band from 20khz to 

490khz. They also generate radio interference noise in mega hertz range of frequency. High 

frequency filter is mainly aimed to reduce the interference to the power line carrier 

communication. Such filter is connected between the converter transformer and the station 

AC bus.

Two three-phase AC filter for 400kv 500kv DC filter

Reactive Power Sources
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No reactive power is transmitted over a DC line. However, the converters at the two ends 

draw reactive power from the AC system. The reactive power balance must be maintained 

at the two ends to ensure that AC voltage is held within specific limits. This requires 

installation of reactive compensation equipments in HVDC terminal stations. The equipment 

may consists of AC filter capacitors, shunt capacitors, synchronous condenser or static var 

system. The choice depends upon the speed of control desired. The reactive power 

requirement varies with sin α where α is the delay angle of the converter. For inverter the 

reactive power requirement varies with sin γ Where γ is the extinction angle of the inverter. 

Under normal condition this requirement of reactive power is about 50 percent of transmitted 

power.

GROUND RETURN

A ground return means a return path through the ground. Most DC line use ground for there 

return path for reason of economy and reliability. Monopolar and homopolar link 

continuously use ground for the purpose of carrying return current. Bipolar link uses ground 

only for a short time i.e. at the time one line is repaired or is under maintenance. The ground 
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path has very low resistance, so low power loss. The resistance is low because DC unlike 

AC does not follow closely the line route rather spread through a large area.

The cost of monopolar and homopolar linkwith ground return is much less then the 

cost of such link with metallic return path.

GROUND ELECTRODES,  STATION EARTH

The mid point of the converters, called the neutral point, in each station is grounded with a 

suitable switching arrangement. The earthing is independent of station earthing. This 

electrode earthing is through electrode installed at a safe distance(about 5 to 25 km) from 

the terminal station, major pipe line, substations and populated areas. It is installed so far so 

as to avoid galvanic corrosion of substation earthing system, underground pipes, buried 

cables and structures.

The earth electrode of one station act as anode (where DC current from the terminal station 

enters earth) and at the other station acts as cathode(from which DC current returns from 

earth to HVDC circuit)

Station earth is an array of conducting elements placed in earth at the substation location 

and which provides connection between the earthed part of the station equipment and 

neutral of converter transformers and earth.

 Ma te ri al o f ea rt h e lectr od e:   The electrolytic corrosion of anode is an important 

consideration in selection of material and design of earth electrode. Iron is not used 

as it is highly corrosive in nature. Graphite has somewhat less rate of corrosion and 

is also a very good conductor but can’t be buried directly as it causes significant lose 

of material due to corrosion. Hence graphite is buried in a pit filled with crushed coke. 

Thus the electrode transfer the current to coke which distribute it to the earth.

 De si gn of  e ar th el ec tro de :   The design are:

1. Current density in the electrode must not exceed 1.5 A/m.

2. Temperature rise of the electrode and surrounding must be under 600 C.
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3. Earth resistance should be low.

4. Step voltage on ground surface above the electrode should be within safe 

limits.

 Sh ap e of  e ar th el ec tro de : An earth electrode may be a straight electrode, a 

ring electrode or a radial electrodeburied horizontally in earth at about 1m depth.

CONTROL EQUIPMENT

The control o firing angle is very important in HVDC system, electrical impulses, for firing, 

have to be sent simultaneously to all the thyristors connected in series. Since each thyristor 

is at different potential, the firing impulse must be transmitted to each one by means of 

insulating medium. The system, adopted in most of the modern HVDC system, uses light 

pulses conducted through fibre optic light guides. At each thyristor level, the light pulse is 

converted in electrical pulses by electronic circuit, which is sent to the thyristor gate.

A big difference between AC transmission and DC transmission is that power 

transmission in a DC link is always controlled. The valves of the two converter station are 

controlled in such a way that one of the station controls voltage and the other station 

controls current. 
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TYPES OF DC LINKS

Mo no po le an d ea rt h re tu rn

In a common configuration, called monopole, one of the terminals of the rectifier is 
connected to earth ground. The other terminal, at a potential high above, or below, ground, 
is connected to a transmission line. The earthed terminal may or may not be connected to 
the corresponding connection at the inverting station by means of a second conductor.

If no metallic conductor is installed, current flows in the earth between the earth electrodes 
at the two stations. Therefore it is a type of single wire earth return. The issues surrounding 
earth-return current include

• Electrochemical corrosion of long buried metal objects such as pipelines 
• Underwater earth-return electrodes in seawater may produce chlorine or otherwise 

affect water chemistry. 
• An unbalanced current path may result in a net magnetic field, which can affect 

magnetic navigational compasses for ships passing over an underwater cable. 

These effects can be eliminated with installation of a metallic return conductor between the 
two ends of the monopolar transmission line. Since one terminal of the converters is 
connected to earth, the return conductor need not be insulated for the full transmission 
voltage which makes it less costly than the high-voltage conductor. Use of a metallic return 
conductor is decided based on economic, technical and environmental factors.

Modern monopolar systems for pure overhead lines carry typically 1,500 MW.[16] If 
underground or underwater cables are used the typical value is 600 MW.

Most monopolar systems are designed for future bipolar expansion. Transmission line 
towers may be designed to carry two conductors, even if only one is used initially for the 
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monopole transmission system. The second conductor is either unused, used as electrode 
line or connected in parallel with the other (as in case of Baltic-Cable).

Bip ola r

Bipolar system pylons of the Baltic-Cable-HVDC in Sweden

In bipolar transmission a pair of conductors is used, each at a high potential with respect to 
ground, in opposite polarity. Since these conductors must be insulated for the full voltage, 
transmission line cost is higher than a monopole with a return conductor. However, there are 
a number of advantages to bipolar transmission which can make it the attractive option.

• Under normal load, negligible earth-current flows, as in the case of monopolar 
transmission with a metallic earth-return. This reduces earth return loss and 
environmental effects. 

• When a fault develops in a line, with earth return electrodes installed at each end of 
the line, approximately half the rated power can continue to flow using the earth as a 
return path, operating in monopolar mode. 

• Since for a given total power rating each conductor of a bipolar line carries only half 
the current of monopolar lines, the cost of the second conductor is reduced 
compared to a monopolar line of the same rating. 
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• In very adverse terrain, the second conductor may be carried on an independent set 
of transmission towers, so that some power may continue to be transmitted even if 
one line is damaged. 

A bipolar system may also be installed with a metallic earth return conductor.

Bipolar systems may carry as much as 3,200 MW at voltages of +/-600 kV. Submarine cable 
installations initially commissioned as a monopole may be upgraded with additional cables 
and operated as a bipole.

INCORPORATION OF HVDC INTO AC SYSTEM

• HV DC  b ack-t o-b ack sta ti on  : 

a) To create an asynchronous interconnection between two AC networks, which 

could have the same or different frequencies.
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b) Both the rectifier and the inverter are located in the same station

c) The direct voltage level can be selected without consideration to the optimum 

values for an overhead line and a cable, and is therefore normally quite low, 

150 kV or lower. The only major equipment on the DC-side is a smoothing 

reactor. 

• HV DC  m ult i -te rm in al sys te m:

a) A multi-terminal HVDC transmission is an HVDC system with more than two 

converter stations.

b) A multi-terminal HVDC transmission is more complex than an ordinary 

mono/bi-polar transmission. In particular, the control system is more 

elaborate and the telecommunication requirements between the stations 

become larger. 

c) There is only one large-scale multi-terminal HVDC system in operation in the 

world today. It is the 2000 MW Hydro Québec – New England transmission.

ADVANTAGE OF HVDC TRANSMISSION

1. Re l ia bi li ty of  H VD C syste m: Recent studies have indicated that HVDC system 

is very reliable. Unlike the AC system here the power flow can to totally controlled 

with the use of thyristor. For a AC system to remain stable it must remain in 
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synchronism. But a DC system don’t have this limitation. So the DC system always 

remains stable.
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2. Ec on om ic ad va nt ag e:  

• Termin al Cost  & Transmission Line Cost:

a) A HVDC transmission line 

costs less than an AC line 

for the same transmission 

capacity.

b) DC terminal cost is more 

expensive than AC 

terminal cost.

c) But above a certain 

distance, the so called 

"break-even distance",the 

HVDC alternative will 

always give the lowest 

cost.

d) Break even distance: 600 ~ 

800km Total DC cost  < Total AC cost.
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• Tower Cost & Land Cost

the above comparison clearly suggest that cost of AC transmission with respect to the 

power carried by the transmission line is lot more then HVDC system.

3. HV DC  c ab le  t ra nsm issi on s fo r l ong  d is ta nce wa te r cr ossi ng :  

In a long AC cable transmission, the 

reactive power flow due to the large 

cable capacitance will limit the 

maximum possible transmission 

distance. With HVDC there is no 

such limitation, why, for long cable 
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links, HVDC is the only viable technical alternative. The longest HVDC submarine cable 

presently in operation is the 250 km Baltic Cable transmission between Sweden and 

Germany. Several HVDC submarine cables of 500 km or more are currently being planned 

in Europe and elsewhere.

4. Fas t c ha ng e of  e ne rgy fl ow : If 2 AC system are connected by DC link then a 

fast change in direction of energy flow is possible. This allows more flexible 

coordination of system control in the two ends.

5. Le sser cor on a l oss an d r ad io  i nte rf ere nce: The corona loss and radio 

interference is low, specially in bad weather in DC line as compare to AC line of 

same conductor diameter and voltage.

6. HV DC  t ra nsm iss io n h as low er lo sses .

An optimized HVDC transmission 

line has lower losses than AC 

lines for the 

same power capacity. The losses 

in the converter stations have of 

course to be added, but since they 

are only about 0.6 % of the 

transmitted power in each station, 

the total HVDC 
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transmission losses come out lower than the AC losses in practically all cases. HVDC 

cables also have 

lower losses than AC cables. The diagram below shows a comparison of the losses for 

overhead line transmissions of 1200 MW with AC and HVDC.

7.  R eq ui re  l ess spac e c om par ed to  a c f or s am e v ol ta ge  r at in g a nd  s ize .

8.  Gr ou nd ca n be  u se d a s r et urn ed con duc to r.

9. No  c har gi ng curr en t.

10.No  sk in an d Ferr an ti  e ffect .

11.No  s wi tch in g t ra nsi en t.

12. An H VD C tr ans mi ssi on l imi ts sh ort c irc ui t c urre nts : Inter connection of 

two AC system by a AC line increases the short circuited current in the circuit. 

Sometimes this necessitates the replacement of the existing circuit breaker by ones 

with higher ratings. On the other hand, contribution of a DC line to short circuit 

current is only up to the rated current of DC line.

DISADVANTAGE OF HVDC SYSTEM

1. Hig h c ost of  te rm in al eq uip me nt s

HVDC transmission system requires converters at both ends and those are very 

expensive than ac equipments

2. In tr od ucti on  o f ha rm on ics

Converter generate considerable amount of harmonics both on ac and dc sides. 

Some harmonics are filtered out but some harmonics still enter into the system and 

affect the apparatus These harmonics may also interfere with communication 

system.

3. Blo cki ng of  r eac tiv e p ow er 
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DC lines block the flow of reactive power from one end to another end. These 

reactive powers are required by some load that must be fulfilled by the inverters.

4. Po int -to -po int  tr ans mi ssi on  no t po ssi bl e.

It is not possible to tap dc power at several locations in the line. Wherever power is to 

be trapped, a control station is required and coordinated with other terminals. This 

increases the complexity and cost of the systems.
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HVDC Light 

1. HVDC Light unit sizes range from a few tens of MW to presently 350  MW and for DC 

voltages up to ±150 kV and units can be connected in parallel.

2. HVDC Light consists of two elements: converter stations and a pair of cables. The 

converter stations are Voltage Source Converters (VSCs) employing state of the art 

turn on/turn off IGBT power semiconductors. (IGBT = InsulatedGate Bipolar 

Transistor) => Self-commutated switch

3. VSC =>  Active Power & Reactive Power are controllable. 

HV DC  L IG HT  APP LI CATIO N

1. In feed of small-scale  generation e.g. small hydraulic   generators, windmill farms 

and solar power etc.

2. Feed small local loads, isolated load, and island.

3. Asynchronous grid connection etc.
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Conventional HVDC & HVDC Light

Co nv en ti on al  H VD C HV DC  l ight

Thyristor valve IGBT valves

Converter transformer connects connection 

valve and AC grid.

Series reactor and transformer connects 

connection valve and AC grid.

50% filtering and reactive compensation in 

filters and shunt capacitor.

Only small filters are required for filtering and 

reactive power compensation.

DC current smoothing by smoothing reactor 

and DC filter.

Dc current smoothing by DC capacitors.
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Recent ADVANCEs

The basic element in a HVDC converter is thyristor. Thyristors are fabricated on crystalline 

silicon wafer – one per wafer. The larger the wafer, the higher is the thyristor voltage and 

current rating. Present day thyristor, used in HVDC has a wafer of diameter of 100mm and 

corresponding rating of 8 KV. For 200 KV voltage we need to have series connection of 50 

thyristor with safty factor 2. Research is being conducted to increase the rating of 100mm 

diameter wafer to 10-12 KV. Along side wafer of diameter 120mm to 150 mm are also being 

developed. This will decrease the cost and increase the realiability.

Present day thyristor can be turned on by gate pulse but can’t be turn off by gate pulse and 

hence require special commutating circuits. This increases the cost. Though GTO, which 

can be turn off by negative pulse in gate, are being used for low and medium power 

devices. But can’t be used in high power devices GTOs have very high cost, losses are 

more and rating are not high enough. It is possible that further research might make GTO 

comparable to thyristors and replace them in high power HVDC system. This would 

dramatically decrease the cost of the converters.

Some other possibilities which are being explored presently are:

1. Use of active AC and DC filters. They can be tuned automatically and suck out 

harmonics.

2. Outdoor valves so that valve hall building is not required.

3. Advanced fully digital control system using optical fibres.

Though HVDC seems to be the solution to our modern day bulk power transmission 

problem but it is also likely to face tough competition from another technology, FACTS. 

Flexible Alternating Current Transmission system is AC transmission systems incorporating 

the power electronic-based and other static controllers to enhance controllability and 
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increase power transfer capability. It is a technology complementary to HDVC. The cost of 

FACTS solution is likely to be less then HVDC cost. And it has a large market potential and 

sure to lock horns with HVDC technology in near future.
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