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ABSTRACT 

High-voltage DC transmission installations are being built all over the world as a 

useful alternative to AC transmission systems or extra-high voltage transmission 

systems. 

From the very beginnings of HVDC technology with mercury-vapor tubes to the 

microprocessor-controlled semiconductor systems of today, HVDC technology is being 

continually developed. Depending on the power-system conditions in each case, HVDC 

transmission systems are being installed for long-distance transmission of high voltages 

by overhead lines and by sea-cables as back-to-back links, e.g., for connecting two 

independently operated power systems. 

As we can see, HVDC technology is becoming a very important factor in the 

industry of high voltage transmission in the world. From here, comes the reason why I 

chose HVDC to be the subject of my thesis. 

I have tried to gather as much of information concerning this topic as I can and 

introduce them in a simple understanding manner, which would help understanding the 

concept of HVDC system as well as for its importance for high voltage transmission 

applications. 

Names, classifications, standards, types and definitions of HVDC system 

components differ from a manufacturer to another. But in general the main concept is 

the same. In this thesis, ABB's (ABB is the leading organization in HVDC systems) 

standards are considered as a reference for the naming, classifying and defining of the 

HVDC system components. 
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INTRODUCTION 

High-voltage direct-current (HVDC) transmission is used for the bulk transfer of 

electricity over large distances at high voltage and in direct-current mode. The first 

HVDC project was built in Sweden in 1954 with a power rating of 20 MW and I 00 kV 

over a distance of 96 km. The largest HVDC project is in Brazil and was built in 1987, 

with a power rating of 6.3 GW and 600 kV over a distance of 800 km. 

High-voltage DC systems are specially designed to fulfill specific tasks, of which 

there are fundamentally three different types: 

I. HVDC for long distance point-to-point transmissions, where there are no 

limitations to the length of cable because there are no stability problems in HVDC 

installations. The load flow remains stable over the entire power range, greatly reducing 

investment costs. 
2. HVDC with back-to-back ties, used to connect two power networks that 

function independently from one another. Using cable only a few yards in length, both 

rectifiers and inverters are operated in a single station. 

3. HVDC installations with multi-terminal transmissions. 

This advanced power transmission technology in addition to the Flexible AC 

Transmission Systems are very promising technologies that are making a revolutionary 
··- - 

development in the high voltage transmission systems industry. New methods-of power 

generation, such as thermoelectric, magneto hydrodynamic and fuel cells ( which 

generate direct current), will make HVDC more attractive. 

In this thesis I have tried to simplify the concept of High Voltage Direct Current 

transmission in an understandable interesting sequence of topics. Towards that, this 

thesis is divided into four chapters. 
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The first chapter is presenting the High Voltage AC Transmission systems and 

Flexible AC Transmission systems and their applications. A quick comparison between 

AC transmission systems and DC transmission systems is also made in this chapter. 

In the following chapter, the concept of HVDC system is explained with its 

different types being briefly explained. A historical overview of the development of the 

technology of HVDC is also mentioned in this chapter. Finally, an interesting argument 

explaining the advantages of HVDC systems. 

As for the third chapter, the HVDC technology is discussed with a sufficient 

explanation for the corresponding components that the HVDC technology is built upon. 

A new concept is introduced in this chapter, which is the HVDC 2000 ( an advanced 

HVDC system) discussing its applications and the technology involved in its 

development. At the end of this chapter, a section discussing the control of HVDC 

systems is provided. 

The forth chapter introduces HVDC Light technology, explains it, discuss the 

technology involved in the development of this technology, explain the different 

applications in which such technology is of greater priority and provides a powerful 

comparison between the HVDC systems and HVDC Light at the en of this chapter. 

Finally, A conclusion is derived upon all what have been discussed in this thesis 

offering possible solutions or suggestions that would be of a great benefit if were taken 

in consideration for TRNC. ·- 
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CHAPTER 1 

AL TERNA TING CURRENT AND FLEXIBLE TRANSMISSION 

1.1 High Voltage Alternating Current (HVAC) Transmission Systems 

There are two basic types of power lines: Transmission Lines and Distribution 

Lines. Transmission lines are high-voltage power lines. The high voltage allows 

electric power to be carried efficiently over long distances from electrical generation 

facilities to substations near urban areas. Most transmission lines use alternating current 

(AC) and operate at voltages between 50 and 765 kV (lkV or kilovolt= 1000 V). 

Utilities use lower-voltage Distribution Lines to bring power from sub-stations to 

businesses and homes. Distribution lines operate at voltages below 50 kV. For 

residential customers, these levels are further reduced to 120/240 V once the power 

reaches its destination. Each transmission system is of course composed of these two 

types of power lines one of these systems is High Voltage Alternating Current 

Transmission System. 

HY AC transmission systems are commonly used to transport energy from power 

plants to main consumption centers. Systems up to 800 kV are presently in commercial 

operations. The following variables need to be taken into account when designing 

optimized HV AC transmission systems: 

1. Power to be transmitted and transmission line length 
2. Required system reliability and availability levels (these influence the redundancy- 

related design criteria) 
3. Power loss levels, impacting on the total system cost 
4. Local standards and environmental conditions, affecting component design and 

selection 

5.Acceptable environmental impact 
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Figure 1.1 HV AC transmission system 

In broad terms, HV AC systems are a combination of engineered solutions, 

compnsmg: 

1. Overhead transmission lines 

2. Substations 

3 .Power flow control and compensation devices 

4.Underground and submarine cables 

Combining the above variables to construct an optimized transmission system 

ensures that every one is a tailor made solution. 

1.2 DC Versus AC Transmissions 

Power stations generate alternating current, AC, and the power delivered to the 

consumers is in the form of AC. Why then is it sometimes more suitable to use direct 

current for transmitting electric power? 

The reasons behind a choice of DC instead of AC to transmit power in a specific 

case are often numerous and complex. Each individual transmission project will display 

its own set of reasons, but the most common reasons that cause to choose DC 

transmissions can be divided into three groups, these are: 

1. Technical 

2. Economical 

3. Environmintal 

2 
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In many cases, projects are justified on a combination of benefits from the three 

groups. Today the environmental aspects are also becoming more important. DC 

transmission is in that respect favorable in many cases, as the environmental impact is 

less than with AC. This is due to the fact that an DC transmission line is much smaller 

and needs less space than AC lines for the same power capacity. 

The system characteristics of a DC link differ a lot from AC transmissions. One of 

the most important differences is related to the possibility to accurately control the 

active power transmitted on a DC transmission line. This is in contrast to AC lines, 

where the power flow cannot be controlled in the same direct way. The controllability 

of the DC power is often used to improve the operating conditions of the AC networks 

where the converter stations are located. 

Another important property of a DC transmission is that it is asynchronous. This 

allows the interconnection of non-synchronous networks. In other words we can 

summarize the advantages of DC transmissions in the following: 

1. More power can be transmitted per conductor per circuit. 

2. Use of Ground Return Possible: 

In the case of DC transmission, ground return ( especially submarine crossing) may be 

used, as in the case of a Monopolar DC link. Also the single circuit bipolar DC link is 

more reliable, than the corresponding AC link as in the event of a fault on one 

conductor, the other conductor can continue to operate at reduced power with ground 

return. For the same length of transmission, the impedance of the ground path is much 

less for DC than for the corresponding AC because DC spreads over a much larger 

width and depth. 

3. Smaller Tower Size: The DC insulation level for the same power transmission is 

likely to be lower than the corresponding AC level. Also the DC line will only need two 

conductors whereas three conductors (if not six to obtain the same reliability) are 

required for AC. Thus both electrical and mechanical considerations dictate a smaller 

tower. 

4. Higher Capacity available for cables: 

In contrast to the overhead line, in the cable breakdown occurs by puncture and not by 

external flashover. Mainly due to the absence of ionic motion, the working stress of the 

3 



DC cable insulation may be 3 to 4 times higher than under AC. Also, the absence of 

continuous charging current in a DC cable permits higher active power transfer, 

especially over long lengths. 

5. No skin effect: 

Under AC conditions, the current is not uniformly distributed over the cross section of 

the conductor. The current density is higher in the outer region ( skin effect) and result in 

under utilization of the conductor cross section. Skin effect under conditions of smooth 

DC is completely absent and hence there is a uniform current in the conductor, and the 

conductor metal is better utilized. 

6. Less corona and radio interference: 

Since corona loss increases with frequency (in fact it is known to be proportional to 

f+25), for a given conductor diameter and applied voltage, there is much lower corona 

loss and hence more importantly less radio interference with DC Due to this bundle 

conductors become unnecessary and hence give a substantial saving in line costs. 

7. No Stability Problem: 

The DC link is an asynchronous link and hence any AC supplied through converters or 

DC generations do not have to be synchronized with the link. Hence the length of DC 

link is not governed by stability. 

8. Asynchronous interconnection possible: 

With AC links, interconnections between power systems must be synchronous. Thus 

different frequency systems cannot be interconnected. Such systems can be easily 

interconnected through DC transmission links. 

9. Lower short circuit fault levels: 

When an AC transmission system is extended, the fault level of the whole system goes 

up, sometimes necessitating the expensive replacement of circuit breakers with those of 

higher fault levels. This problem can be overcome with DC, as it does not contribute 

current to the AC short circuit beyond its rated current. In fact it is possible to operate a 

DC link in "parallel" with an AC link to limit the fault level on an expansion. 

10. Tie line power is easily controlled: 

In the case of an AC tie line, the power cannot be easily controlled between the two 

systems. With DC tie lines, the control is easily accomplished through grid control. In 

fact even the reversal of the power flow is just as easy. 

4 



1.2.1 Areas of Application 

The question is often asked as to when should a DC transmission system be chosen 

over an AC system. In answering this question, we can say that DC transmission 

systems are to be chosen when the case is one of the following: 

1. Large amounts of power (>500 MW) needed to be transmitted over long distances 

(>500 km) 

2 .. Transmitting power under water 
3. Interconnecting two AC networks in an asynchronous manner. 

1.2.2 Decision Making 

So how should power system planners, investors in power infrastructure (both 

public and private), and financiers of such infrastructure be guided with respect to 

choosing between a high voltage DC transmission system and a high voltage AC 

system? The answer is to let the "market" decide. In other words: 

1. The planners, investors and financiers should issue functional specifications for the 

transmission system to qualified contractors, as opposed to the practice of issuing 

technical specifications ( which are often inflexible, and many times include older 

technologies and techniques) while inviting bids for a transmission system. 

2.The functional specifications could lay down the power capacity, distance, 

availability and reliability. requirements; and last but not least, the environmental 

conditions. 
3. The bidders should be allowed to bid either a DC solution or an AC solution and 

the best option chosen. 

It is quite conceivable that with changed circumstances in the electricity industry, 

the technological developments, and environmental considerations, high voltage DC 

transmission systems would be the preferred alternative in many more transmission 

projects. 
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1.3 Flexible AC Transmission Systems-FACTS 

With the ongoing deregulation of the electricity supply industry, the demands for 

flexibility in power transmission are growing continuously. This gives added 

momentum to established solutions for flexibility in power transmission, as well as 

openings up opportunities for quite new technologies in the field. 

The collective acronym FACTS has been adopted in recent years to describe a 

wide range of controllers, many of them incorporating large power electronics 

converters, which may be used to increase the flexibility of power systems and thus 

make them more controllable. 
The two main reasons for incorporating FACTS devices in transmission systems are: 

I .Extend power transfer limits 

2.Provide better power flow control 
FACTS devices are used for the dynamic control of voltage, impedance and phase 

angle of high voltage AC transmission lines. Below the different main types of FACTS 

devices are described: 

1.3.1 Static Var Compensation 

Optimum power transmission and distribution entails the reduction of transfer losses 

and provision of adequate power supply quality and availability at the receiving end. In 

-- other words, what matters is how much power gets through, not how much is generated. 

Figure 1.2 Static Var Compensation 

6 



Transmission lines both generate and absorb reactive power. Since the transmitted 

load varies considerably from one hour to another, the reactive power balance of the 

line varies as well. A rapidly operating Static Var Compensator (SVC) can continuously 

control dynamic power swings under various system conditions. The main reasons for 

incorporating SVC in transmission systems are: 

I.To stabilize voltage in weak systems 

2.To reduce transmission losses 

3.To increase the transmission capacity 

4. To increase the transient stability limit 

5. To increase damping of small disturbances 

6. To improve voltage control and stability 

7. To damp power swings 

The characteristics of Static Var Compensators are their flexibility, dependability 

and their exceptional controllability. SVC can be used for symmetrical three-phase 

control or phase-by phase control. 

1.3.1.1 STATCOM 

With the commercial breakthrough of high power Gate Turn-Off (GTO) and 

Insulated Gate Bipolar Transistors (IGBT), the road is paved for an additional step 

forward in flexibility of AC transmission and distribution systems: ST ATCOM - Static 

Synchronous Compensator. 

STATCOM .has a characteristic similar to the synchronous condenser, but as an 

electronic device it has no inertia and is superior to the synchronous condenser in 

several ways, such as better dynamics, a lower investment cost and lower operating and 

maintenance costs. 

1.3.1.2 SVC Light- STATCOM 

SVC Light is a device of the STATCOM type, based on voltage source converter 

technology equipped with IGBT. With the advent of SVC Light, still better performance 

can be reached in areas such as: 
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1.Dynamic and steady-state voltage control in transmission and distribution systems 

2.Transient stability improvements 

3 .Power oscillation damping in power transmission systems 

4.Ability to control both active and reactive power 

SVC Light can be seen as a voltage source behind a reactance. It provides 

reactive power generation as well as absorption purely by means of electronic 

processing of voltage and current waveforms in a voltage source converter. This means 

that capacitor banks and shunt reactors are not needed for generation and absorption of 

reactive power, giving a compact design, a small footprint, as well as low noise and low 

magnetic impact. 

The voltage source converter has the same rated current capability when operating 

with capacitive or inductive reactive current. Therefore a converter having a certain 

MV A rating gives SVC Light twice the dynamic range in Mvar. This also 

contributes to a compact design. A DC capacitor bank is utilized to support, stabilize, 

the controlled DC voltage needed for the operation of the converter. 

'Figure 1;3 HVDC line - 

Depending on the desired rating and application, three main circuit configurations 

of SVC Light are valid. Each has specific advantages: 

l.typically tens ofMvar up to hundreds Mvar 

2.Dual Converter Scheme - Suitable for large dynamic ranges, typically above 100 

Single Converter Scheme - Suitable for medium size dynamic ranges, Mvar 

3 .Dual Purpose Scheme - Offers active power transfer and dynamic reactive power 

compensation to each connected AC system simultaneously and independently. 
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