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Abstract 
 

The purpose of this thesis is to examine the potential impact of High Voltage Direct Current 

(HVDC) innovations on the power industry. A short historical review is provided on the so-

called ‘War of the Currents’, which has placed alternating current (AC) as the dominant platform 

for power transmission. The revival of DC in high voltage transmission is here examined as a 

reverse salient, as various indicators show that the role of HVDC in the power industry seems to 

be constantly growing. In this thesis the potential of HVDC to drive industrial change is put to 

question, and an effort is made to define that change; questions are being addressed such as ‘how 

likely is HVDC to gain a more important role in power transmission, and what may that role 

be?’ and ‘how may the power market look like after a wider implementation of HVDC in power 

systems?’. The competition between ABB and Siemens (and at a lower level Alstom), market 

leaders in HVDC technologies, is analyzed with specific regard to the pursuit of inventing a 

HVDC circuit breaker; a technological leap that has been considered necessary for overcoming a 

number of obstacles to creating a DC grid. As of November 2012, ABB has developed the 

world’s first HVDC circuit breaker, acknowledged as a technological breakthrough. An attempt 

is being made to evaluate the impact of this innovation in terms of enhancing ABB’s 

entrepreneurial activity and granting the company with a competitive edge. Furthermore, the 

vision of developing DC grids – and thus R&D investments for the invention of a HVDC circuit 

breaker – is approached as a case of climate change being a main driving force for innovation, 

since this novel invention promises to make easier the integration of more renewable energy 

sources in power systems. This co-evolution of environment policy and innovation strategy is 

examined under the scope of Erik Dahmén’s theory of development blocks. Finally, ABB’s 

recent innovation is considered a disturbance in the system capable of bringing implications on 

the market that are here interpreted as a case of creative destruction, based upon Schumpeter’s 

terminology. In the conclusion section possible threats for Siemens and Alstom are also realized, 

and the need for them is questioned to go through changes in order to remain competitive, a 

situation that is here regarded as a case of transformation pressure. 

 

Keywords: HVDC, transformation pressure, development blocks, creative destruction, 

innovation, evolutionary economics, industrial dynamics, reverse salient 
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AC Alternating Current 

B2B Back-to-Back 

DC Direct Current 

GTO Gate Turn-Off Thyristor 

HVDC High Voltage Direct Current 

ICT Information and Communications Technology 

IGBT Insulated Gate Bipolar Transistor  

IGCT Integrated Gate-Commutated Thyristor 

IT Information Technology 

ITP Independent Trade Project  

VSC Voltage Source Converter 
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1. Introduction 
 

 

Ever since the so-called ‘War of Currents’ that took place in New York in the 19th century, 

alternating current (AC) has been the main platform for power transmission. The War of 

Currents saw a rivalry between Edison, supporter of direct current (DC) and Tesla, who 

supported AC as the optimal solution for power transmission by the standards of the day. The 

dominance of AC hasn’t been put to question regarding a number of power applications, 

however technological advances in the last decades have brought DC back to the spotlight due to 

its advantages over AC in high voltage transmission. HVDC (High Voltage Direct Current) 

technology was thus developed. Considering the fact that until recently very little interest had 

been shown in DC transmission, let alone DC being favored over AC, it is ironic enough that 

HVDC has been at the forefront of scientific research in the last decades.  

 

This ‘revival’ that DC is experiencing is particularly interesting mostly because it can be 

considered as the comeback of a ‘forgotten’ technology; a technology that is widely considered 

obsolete and surpassed suddenly gains new ground and is being established as a key player in the 

power industry. It is also of high interest that AC won the war of currents because it would serve 

as a better option given the existing technology of the time, since only AC could be used in 

certain applications. For the very same reasons, HVDC has been constantly growing and 

attracting attention. This evolving relationship between the two technologies can serve as a 

particularly interesting case of industrial dynamics and technical change.  

 

Nowadays companies that hold pioneering positions in the power industry such as ABB and 

Siemens display a high interest in HVDC and have ground-breaking visions of its future role in 

power systems. This is evident in the vigorous competition between them regarding the 

development of the world’s first DC breaker – a battle that was recently won by ABB. This 

achievement has been credited as an ‘innovation breakthrough’ and there are various indicators 

that it can significantly affect the future of power systems; ABB’s HVDC hybrid breaker 

promises to make easier the implementation of renewable energy sources, and thus make 

possible the development of long-spanning reliable power grids that optimize the use of 

renewables. This vision aligns with the need for a shift towards more environment friendly 

energy sources; this co-evolution of environment policy and innovation strategy is herein studied 

under the scope of the theory of development blocks. Furthermore, the possibility for companies 

that compete with ABB to need to apply strategic changes in order to remain competitive is 

examined as a case of transformation pressure. 

 

The purpose of this thesis is to provide an estimation of the impact of HVDC innovations on 

the power industry. For that reason, the historical development of HVDC will be presented, with 
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a focus on the most recent innovation in the field, the HVDC hybrid breaker. In section 2 the 

theoretical aspects required will be discussed. In section 3, it will be presented how the power 

industry has been affected since the introduction of HVDC and what impact HVDC innovations 

had so far. Various indicators will be taken into account with regard to the future role of HVDC, 

and eventually the technology’s potential of driving industrial transformation is analyzed in the 

conclusions section. 

 

A significant constrain for conducting this thesis was the access to primary data; companies 

that are at this point competing in the field of HVDC transmission technologies are reluctant to 

share data regarding their future plans. Whatever information they are willing to share is 

accessible online, and the writing of this thesis has to a large extent been based on data that was 

gathered within those limits. Beyond that point, any further piece of information remains within 

the gulfs of the competing companies, since it may include information on future strategy plans 

that are not to be yet revealed.  

 

2. Theoretical Background 
 

 

2.1 Innovation through the scope of evolutionary economics 

 

Innovation theory, whose origins go back to the Austrian economist Joseph Schumpeter, 

focuses on and revolves around concepts such as the disruption of equilibrium, the creative 

destruction that derives from the substitution of old products with new ones, as well as the 

transformation and growth that creative destruction consequently results in (Schumpeter, 

1934/1962). 

 

Innovation theory is considered to be related to a theoretical context that can be described 

with the term ‘evolutionary economics’. Schumpeter’s approach, introduced about 100 years ago, 

suggests that innovations act as mechanisms of destruction of the equilibrium process; and thus 

account for the industrial transformation and change that the actors of economy are obliged to go 

through. Laestadius (2012) stresses the specificity of equilibrium in evolutionary theory, 

suggesting that although it may be viewed as an attractor on systems level, it is never realized 

because the actors in the system always strive to avoid “the circular flow of economic life”, as 

Schumpeter formulated it (Schumpeter, 1934/1962: Chapter II). Global competition does not 

prioritize competing on price, nor does it take place between homogenous products among 

independent and fully informed actors; it can rather be described as a continuous struggle to use 

different solutions (e.g. advanced design) to create variety capable of attracting certain 

consumers Laestadius (2012). As an outcome, this creates temporary monopolies in all areas, 
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thus providing a short period of profitability before the competitors catch up with new solutions; 

more or less influenced by or deviating from the original ones (Schumpeter, 1942/2000: Chapter 

VII).  

 

The attempts to combine the strengths of evolutionary theory with equilibrium theory have a 

long tradition among economists and, in fact, anticipate the contributions of Schumpeter. Most 

interesting, and still relevant, are probably the serious attempts made by Alfred Marshall in the 

nineteenth century (Marshall, 1890/1990; Laestadius, 1992; 1999). Marshall did not solve the 

problem of combining evolutionary theory with equilibrium; during the process of trying, 

however, he introduced the concept of “externalities” which became the cornerstone in his 

analysis of learning effects, knowledge spillover and cultural influences, transmitted outside the 

market but over the borders between firms as “were they in the air”. For Marshall, this was a 

core concept in his analysis of the economic and industrial dynamics in industrial districts. 

Although he did not use the concept “innovation”, what he analyzed was, in fact, the conditions 

for innovative processes.  

 

On all levels, actors – professional craftsmen and engineers, as well as firms and R&D units 

– learn and develop new knowledge more or less influenced by each other, contributing to 

development of the actors themselves, as well as of the whole system. This analytical approach is 

an essential part of understanding the processes that occur in industrial districts (and the 

innovation system) and in the economy. Learning, however, is not the same as innovation. 

 

Knowledge formation and learning are thus core processes in the transformation of 

economies. The American economists Nelson and Winter (1982), who have probably written the 

most important book on Evolutionary Theory and Economic Change, have a strong focus on 

knowledge, skills and competences on an individual and organizational level. They were among 

the first scholars who focused on the role of non-codified or tacit knowledge – a concept 

originally developed by Polanyi (1967) – in the learning processes of the economy. 

 

The evolutionary perspective of Nelson and Winter focuses on the tension or balance 

between the creation of variety (the invention process), on the one hand; on the selection 

process, on the other, and, on the third, on the retention created in the system by the development 

of routines to keep the system (and production) going. In particular, it is important not to ignore 

the selection processes, something that is often done by innovation researchers, as well as policy 

units. Most innovations fail, and have to fail, before their introduction to the market. Nelson and 

Winter argue that we here find one of the classical failures among innovation researchers: the 

neglect of the demand side.  

 

Actors (networks, systems) who do not – through learning – have the capability to adapt 

their routines, products and processes to compete with innovations in their fields of activities 



 

4 

 

(markets) have to close down or restructure their activities. There is thus a connection between 

learning systems and innovative ones (Lundvall, 1994), but they are not identical. Although 

innovations, following Schumpeter, on the one hand, may be characterized as new creative 

combinations of knowledge that may be recently acquired as well as known for a long time – and 

thus have to be (re)learned – they, on the other, must be looked upon as “break aways” from 

ingrained and learned paths – i.e. processes of unlearning. Innovations destroy existing 

structures and create something new in the ruins of the old. This destruction may be more or less 

radical: nevertheless, it represents an act of creation that is more than just adapting to old 

routines.  

 

Marshall realized that intra-district (local) learning and knowledge transfer from one 

generation of craftsmen to another, under certain circumstances, could contribute to cementation 

of old competencies and to an incapacity to innovate new products or processes. The diligent and 

quick-to-learn pupil is far from always the most innovative, and the innovative violinist breaks at 

least some of the routines learned from the master. Schumpeter related the innovation process to 

“creative destruction” (Schumpeter, 1942/2000: Chapter VII). Using modern evolutionary 

theory, we may understand that as “creation of variety”, on the one hand, and “selection”, on the 

other. In this context, “learning” should not be identified as identical with or enough for the 

variety – selection – retention processes. 

 

This view on innovation as a creative process combining learning and unlearning also 

challenges the conventional view – still common among policy-makers and some parts of 

academia – on the innovation process as fundamentally linear. Strongly simplified, the linear 

model of innovation displays an understanding of innovation activities, as did they start with 

basic knowledge (e.g. applied science), product or service development (e.g. by engineering) and 

later close-to-market activities. As argued for a long time by many innovation researchers, this 

model – strongly connected with the US post-World War II report Science the Endless Frontier 

(Bush, 1945) – ignores the fact that innovation processes take place over and between different 

systems levels and domains of knowledge.  

 

Innovation is, in essence, a highly interactive and iterative process, where various 

knowledge components (e.g. market knowledge) repeatedly come onto the scene, interact, 

change and shape new understanding (Rickne, 2000). For example, the design elements can be, 

and often are, substantial, and (recent) scientific knowledge may be either present or absent in 

this creative process (Utterback et al., 2006). Although there are many academic contributions to 

this discourse (e.g. Faulkner, 1994), probably the most well-known challenge of the linear model 

has been written by Kline and Rosenberg (1986). Of central importance for their analysis is the 

stock of knowledge to which all activities – also R&D – contributes and may be utilized in all 

phases of the innovation process, which in its turn is characterized by significant feedback loops 

and engineering and design activities. 
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2.2 Innovation System Approaches 
 

 

The Innovation System family members 

 

In a world where knowledge formation/ learning as well as industrial activity takes place on 

a global scale, it is far from obvious that the essential and systemic condensations are national or 

even territorial in any real sense. With introducing the concept sectorial innovation system, the 

Italian economists Breschi and Malerba intend to focus on the industrial rather than the territorial 

dimension (Breschi and Malerba, 1997; Malerba, 2004). Analogously, although with focus on 

technology rather than industrial sectors, there also emerges a research tradition on technological 

systems (Carlsson and Stankiewicz, 1991; 1995). The difference, in short, between these 

approaches can be explained by the fact that the logic of technological change does not 

necessarily follow the logic of the industry. ICT, for example, may penetrate and influence 

various industries in different ways: some advanced process industries may, to a certain extent be 

more influenced by ICT than the IT industry itself.  

 

The concept development block (DB), once formulated by the Swedish economist Erik 

Dahmén (1950), deserves to be mentioned in this context. It may be looked upon as an important 

analytical contribution to the family of theories that we analyze here. The DB concept 

contributed to the development of the NIS concept among the Danish economists. Still more has 

it influenced the technological systems approach (Carlsson). The development block – which, 

theoretically, may be argued to slide between a sectorial and a technological logic – is based on 

the notion of structural tensions, i.e. imbalances occurring due to the very character of the 

innovation process. There are always – in every period – necessities and problems that have to be 

handled, as well as opportunities that may be utilized. These imbalances may develop on the 

level of technology in the form of bottlenecks or local breakthroughs as analyzed by Thomas 

Hughes, with the concepts salients, reverse salient and critical problems (Hughes, 1992).  

 

But they may also occur on industry/ sector level: the rapidly increasing electricity output 

due to large scale construction of hydro power plants in Sweden contributed to the establishment 

of energy consuming TMP pulp and paper plants. The DB concept – which never explicitly was 

formulated in territorial terms – may be looked upon as a means of making Schumpeterian 

dynamics concrete (Laestadius, 2005). It provides a tool to probe the dynamics of structural 

tensions in industry and technology. Dahmén is also clear that development blocks may be used 

for ex post analyses by academics, as well as internationally by industrialists (or policy-makers) 

to create and/or exploit system imbalances. 
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The Technological Systems Approach 

 

Johnson (2001) suggests that the authors mentioned here are part of the technological 

systems approach, defining their systems in different ways; some use other names for their 

system concepts. However, they all have chosen a technology (or product) level of analysis. The 

issue of interest for these authors is, thus, how different actors etc. influence the development, 

diffusion and use of a particular technology or product. 

 

The concept of technological system is said to have been first introduced by Thomas Hughes 

in the book “Networks of Power”.
1
 According to Hughes (1983, 1990)

2
, technological systems 

solve problems identified or constructed by the system. The identification of a problem usually 

involves identifying a demand and the available resources that might fill it. Inventions are 

sometimes based on the identification of ‘reverse salients’, i.e. components in the system that 

have fallen behind or are out of phase with the others (Hughes, 1983; Hughes, 1990), but they 

can also be based on experiences from using existing technology (Hughes, 1983) or on earlier 

inventions that failed to develop into innovations (Hughes, 1990).  

 

In addition to invention and development of new technology, there is a need to provide 

financial support (Hughes, 1990) and competence (Hughes, 1983) and to raise complementary 

resources (Hughes, 1983).  

 

Hughes (1990) also stresses the importance of institutional factors, e.g. values in the society 

and legislation, in the selection of technical, organisational and social solutions. For a new 

technology (or a new technological system) to develop it may be necessary to clear political and 

legislative ground (Hughes, 1983), stimulate enthusiasm for the new technology (Hughes, 1983), 

and through the destruction of alternative systems force unity from diversity (Hughes, 1990). It 

may also be important to reduce uncertainty by taking control of the environment (Hughes, 

1990). 

 

In the early 1990’s, Carlsson and Stankiewicz developed a notion of a technological system 

largely independent from the one of Hughes, which is described in, e.g.,Carlsson and Stankiewiz 

(1995).
3
 They describe innovation in terms of search and experimentation (i.e. learning), which 

makes exchange of information essential. Moreover, for a technological area to grow, someone 

                                                 
1
 However, authors Edward Wenk Jr and Thomas J. Kuehn used the concept already in 1977 as synonymous to their 

concept of “technological delivery system” (Wenk and Kuehn, 1977). 
2
 The concept of ‘technological system’ is not well defined in the 1983 book, but in the 1990 paper some system 

components are mentioned: physical and legislative artifacts, organizations, natural resources, books, articles, 

university teaching and research, inventors, industrial scientists, engineers, managers, financiers and workers. 
3
 They define a technological system as “a network of agents interacting in a specific economic/industrial are under 

a particular institutional infrastructure or set of infrastructures and involved in the generation, diffusion, and 

utilization of technology” (Carlsson and Stankiewicz, 1995, pp. 49). This concept is very similar to the one 

developed by Wenk and Kuehn (1977), although no reference is made to their work. 
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has to perceive the possibility of the technology and identify the potential for growth, the 

resources needed (in terms of funding, competence etc.) have to be secured and the different 

activities in the process co-ordinated. 

 

Furthermore, the institutional framework has an important role to play. Institutions
4
 promote 

stable pattern of social interactions and transactions, reduce social uncertainty and prevent or 

mitigate conflicts. They may also absorb and diffuse some part of the risk of individual actors, 

e.g. by stimulating markets or providing information, and may work for the creation of efficient 

selection mechanisms, both at company and market level. 

 

In addition to the authors that explicitly speak of technological systems, there are others 

using very similar concepts, e.g. Anders Lundgren, Gunnar Eliasson and Wiebe Bijker. 

Lundgren (1993) uses the concept of ‘industrial networks’,
5
 defined as technical systems

6
 and 

networks of relationships between actors. Within industrial networks, innovation is often driven 

by the identification of imbalances or bottlenecks in the technological system or the relationships 

between actors. However, since problems are defined differently by different actors, due to the 

fact that their historical background influence the way they perceive the situation at hand, the 

resulting research and product development will follow different routes.  

 

 

The Development Blocks Approach 

 

The unit of analysis of Dahmén (1987) is the ‘development block’ which refers to “a 

sequence of complementarities which by way of a series of structural tensions, i.e. disequilibria, 

may result in a balanced situation”. Economic success in a development process might require 

the realisation of one or more specific complementary stage, and in situations where stages are 

missing, the development potential will be released as soon as the missing stages have come in 

place. 

 

The primary function of actors is to identify the development block in advance and to fill the 

gaps within it by active search, both for new technical solutions and for actors that can invest in 

complementary stages, for example market identification or creation.  

 

                                                 
4
 Defined as both organizations and regimes. 

5
 This concept has been developed based on a study of the emergence of digital image technology in Sweden. 

6
 In the paper referred to, Lundgren uses the concept of ‘technological system’ for ”complementary products of 

different technologies and pieces of knowledge“ (Lundgren, 1993, pp. 147), which obviously is not the same as the 

technological systems concept of Hughes and Carlsson and Stankiewicz (described above). In fact, Lundgren (1993) 

in Swedish uses a concept which is more correctly translated to ‘technical system’, a translation that will be used 

here in order to avoid misunderstandings. 
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The concept of the development block was developed by the Swedish economist Erik 

Dahmén in an effort to integrate the ideas of Schumpeter into a theory where innovations are 

crucial for growth (Dahmén 1950; 1988). 

 

Schumpeter(1939) argued that new products and technologies, giving rise to "gales of 

creative destruction", would have a large impact on the economy for several decades. Influenced 

by Schumpeter, the Swedish economist Erik Dahmén developed the Schumpeterian framework 

with the concept of complementarities and development blocks (Dahmén 1950; 1988).  

 

According to Dahmén, the diffusion of an innovation requires the realization of one or more 

specific complementary stages. During a complementary stage, a new innovation changes the 

need for knowledge, machinery, inputs, distribution, behavior etc., which results in adjustment 

problems that are specific for each innovation. However, if these problems are solved, the new 

innovation will result in increased growth. Thus, a development block is defined as a "sequence 

of complementarities which by way of a series of structural tensions i.e. disequilibria, may result 

in a balanced situation" (Dahmén 1988,p.5).  

 

 

3. Dissertation 
 

 

3.1 The War of Currents 
 

The power industry was shaped after what can arguably be viewed as the biggest technology 

debate in the industry’s history; AC (alternating current) versus DC (direct current), which took 

place in New York in the 19th century. Thomas Edison and GE (General Electric) on the one 

side were supporting that power transmission and distribution system should be based on DC. On 

the other side, Nikola Tesla and Westinghouse were promoting AC. With electricity supplies in 

their infancy, much depended on choosing the right technology to power homes and businesses 

across the country.  

 

The direct current (DC) generator was the first electric generator and hence, the first electric 

power transmission line was constructed with DC. The basic discoveries of Galvani, Volta, 

Oersted, Ohm, and Ampere were in the DC field. Thomas A. Edison built the first electric central 

station in the world in 1882, on Pearl Street, in New York. Despite the initial supremacy of DC, 

alternating current (AC) prevailed for greater uses, because of the availability of the transformer, 

the induction motor, and polyphase circuits in the 1880s and 1890s (Kimbark, 1971).  
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This was when the industrial revolution was accelerating in the US and famous men like 

Andrew Carnegie, JP Morgan and others where known for their aggressive industrial growth 

practices, and the two sides in this conflict didn’t have too many scruples either: DC’s leading 

supporters often resorted to very questionable marketing practices to exaggerate the dangers of 

AC. Regardless the efforts, eventually the War of the Currents was won by AC, which has been 

the platform for electrical transmission across the world ever since. 

 

However, New York City, being the battle ground for this war, had already invested in a 

number of Edison DC installations, and these of course continued to work for many years 

alongside the growing AC network. It wasn’t until 1927 that New York decided to replace the 

DC equipment, and it wasn’t until 2007 that the last of it was removed – a full 125 years after the 

end of the War of the Currents. 

 

But while AC was perfectly adequate for the conditions of the day – and for much of the 

20th century – the needs of the 21st century are showing its limits. And the irony is that, 

although Edison lost the battle, his direct current is making a comeback just as New York City 

has finally rid itself of the standard. Today, it is not a question of AC versus DC, but of AC and 

DC. This is because we are facing a revolution in the way our electricity is produced and used. 

On the production side, more and more electricity is being generated from renewable sources of 

energy either in remote areas (hydropower plants in mountains far from urban centers, offshore 

wind farms) or locally (rooftop solar panels). DC is the only technology that allows power to be 

transmitted economically over very long distances, and DC is the type of power produced by 

photovoltaic panels. 

 

It would be impractical and expensive to implement DC distribution grids where AC 

distribution grids already exist, but DC may increasingly become the solution of choice in new 

districts or cities, where new communities are electrified for the first time, and where 

electrification “islands” (not connected to the main power network) are created. Such islands 

include new ships and communities generating their own power from renewable resources. DC 

distribution would be particularly attractive for communities using power generated by 

photovoltaic solar panels, since this is already DC power and currently has to be converted to AC 

before distribution. 

 

In addition, DC offers greater capacity per power line, reducing the weight and size of 

power equipment throughout the grid and home, and can help to improve the reliability of power 

supplies as it is easier to control the voltage on DC lines and because DC connections do not 

cascade faults and cause blackouts the way AC lines can do. 
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The main benefits of DC based grids would be: 

 

 Greater energy efficiency 

 Higher power quality 

 Smaller equipment 

 Less complexity and lower costs 

 

 

3.2 HVDC Historical Review 
 

 

Early years of HVDC 

 

In DC transmission a maximum of two conductors is required, instead of three which are 

required in AC transmission. Therefore, the incremental cost of DC transmission over a given 

distance is less than that of AC transmission. The main drawback is the high cost of the 

conversion equipment required on both the sending and receiving ends of a power line, in order 

to convert from AC used for power generation and back to AC for utilization. However, it has 

been proved that if the transmission distance is of sufficient length, the savings eventually 

overcome the initial conversion costs. A power engineering review that was published in 2000 

(Hammons et al., 2000) placed the break-even distance for overhead line transmission in the 

order of 800-1000 km, whereas, for underground (and submarine) cable transmission, due to the 

relatively more costly cable medium, the break-even distance would reduce to approximately 50 

km (Figure 1).  

 

 
Figure 1. Break-even distance for HVDC 

Source: (Hammons et al., 2000) 

 

Moreover, for the same power and operating current, the DC transmission losses and 

consequently their capitalized cost are found to be only two-thirds of those of AC transmission, 
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because of the reduced number of conductors. HVDC technology offered a solution to the 

problem for long AC submarine (or land) cables whereby their thermal capacity is entirely used 

up by the charging current. It also solved the problem of long distance AC transmission stability. 

According to John Loughran, marketing manager at Alstom power electronics systems, these 

were the reasons why HVDC technology gained ground in the early cable schemes of Gotland 

and Sardinia; as well as the long-distance transmission lines, Pacific Intertie, and the Nelson 

River scheme (Hammons et al., 2000). 

 

The growth of HVDC as a system interconnector has been a significant factor in the 

increased application of the technology since the initial years; the ability was offered to allow 

systems to exchange power without having to be synchronized. Loughran (2000) touts the Eel 

River HVDC link between Quebec and New Brunswick, Canada in 1972 as a major innovation 

in that it was an interconnection with zero transmission distance. Both the rectifier and the 

inverter were located in the same station; and this marked the birth of back-to-back HVDC 

transmission. Loughran (2000) suggests that the growth in such back-to-back HVDC 

installations can be well illustrated by the example of North America. The vastness of the 

continent and the enormous installed capacities of the power systems would not make feasible 

the creation of a single synchronous interconnected system. Accordingly, four main independent 

power systems evolved: the West Coast system, the Central/Eastern Seaboard system, Quebec in 

the North, and Texas in the South. These independently operated systems are interconnected to 

each other by twelve back-to-back HVDC links.  

 

In Europe, a similar situation occurred when two back-to-back links were used to connect 

the Western European UCPTE system asynchronously with the CENTREL system. Those 

systems, although both nominally 50 Hz, could not be connected synchronously due to divergent 

frequency control regimes. With the steady drive among central and eastern European countries 

for interconnection with the west, their corresponding improvements in frequency control have 

permitted synchronization of CENTREL and UCPTE. The 420-kV transmission systems in 

Austria were first interconnected to the Czech Grid in 1983 via the Dürnrohr HVDC back-to-

back station. In 1993, two additional HVDC stations were commissioned at Etzenricht and 

Vienna Southeast bridging the transmission systems of Germany and the Czech Republic, as well 

as Austria and Hungary. These three HVDC links between the UCPTE and CENTREL networks 

have a nominal capacity of 1750 MW and are important for energy exchange agreements 

between countries in Western and Eastern Europe. 

 

In India, three back-to-back HVDC stations are currently in service (one at Vindyachal, one 

at Chandrapur, one at Visakhapatnam, and one at Sasaram). A recent example of B2B (back-to-

back) projects is the “More power for New York” project: Siemens is planning to install a 

HVDC back-to-back link to boost Manhattan's power supply. The power link is scheduled to 

come on line in summer 2013. 
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3.3 HVDC Present and Future Situation  
 

 

Developments in AC Transmission 

 

Recently AC transmission has experienced numerous advances which served to modify the 

technical and economical balance between AC and DC. Loughran suggests that these advances 

have made possible to lay the grounds for efficiently combining AC and DC technologies in 

future supergrids (Hammons et al., 2000). To name the most notable ones: Static Var 

Compensation, Series Compensation, Conventional Developments, FACTS and Advances in 

Cable Technology.  

 

 

HVDC Advances 

 

HVDC has also seen dramatic advances; namely the transition from Mercury Arc to Solid 

State, Higher DC Transmission Voltages, Controls, Active DC Filters, Light Triggered 

Thyristors, and new topologies (Series Compensated Commutation, Voltage Source Converters). 

 

Of particular interest is the transition from Mercury Arc to solid state; the Mercury Arc 

valve was first proposed in 1914. It has been widely in use, but advances in semiconductors, 

specifically the development of the thyristor, led to a shift to thyristor-based solutions. The last 

HVDC system to use mercury arc valves was the Inter-Island HVDC link between the North and 

South Islands of New Zealand, which used them on one of its two poles. The mercury arc valves 

were decommissioned on 1 August 2012, ahead of commissioning of replacement thyristor 

converters. 

 

Moreover, the development of higher rated insulated gate bipolar transistors (IGBT), gate 

turn-off thyristors (GTO) and integrated gate-commutated thyristors (IGCTs), has made smaller 

HVDC systems economically feasible. The VSC based solutions that manufacturers offer have 

let HVDC be extended to blocks as small as a few tens of megawatts and lines as short as a few 

score kilometers of overhead line. ABB calls their product based on this technology HVDC 

Light, while Siemens calls a similar concept HVDC PLUS (Power Link Universal System) and 

Alstom develops a similar product that is called HVDC MaxSine. These solutions are often have 

been acknowledged as significant technological breakthroughs and innovations; Alstom’s HVDC 

MaxSine has received the Frost & Sullivan Award for Outstanding Technology Innovation.  The 

voltage source converter was regarded as one of the most prominent HVDC technologies in the 

end of the 20th century (Chamia, 1999). It seems that it was rightfully so, since nowadays it is 

estimated that with time, VSC systems will probably replace all installed simple thyristor-based 

systems, including the highest DC power transmission applications (Arrillaga et al., 2009).  
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Comparison between HVDC and HVAC transmission systems 

 

High Voltage Alternating Current (HVAC) transmission over long distances is not possible 

without intermediate reactive compensations; stability problems occur due to the frequency and 

the intermediate reactive components. On the other hand, the absence of frequency in HVDC 

transmission does not allow for any stability problems to be caused, which consequently results 

in no distance limitation. The cost per length unit of a HVDC line is estimated to be lower than 

that of a HVAC line of the same power capability and comparable reliability; however the cost 

of the terminal equipment of a HVDC line is much higher than that of the HVAC line. According 

to recent findings, the break-even distance of overhead lines between AC and DC line is in the 

range of 500 km (310 miles) to 800 km (497 miles) (Figure 2), shorter than in 1999 (800-1000 

km), whereas for underground (and submarine) cables the break-even distance remains 

approximately 50km. Recent studies also show that HVDC transmission has less effect on 

humans and the natural environment in general (Meah and Ula, 2007). 

 

 

 
Figure 2. HVDC and HVAC Transmission System Cost 

(Source: Meah and Ula, 2007) 

 

 

Future Applications 

 

In an attempt to estimate the role of HVDC in the future, Loughran (2000) expressed his 

certainty that all of the classical applications of HVDC were expected to still apply in the future: 

 

 Long distance bulk transmission; 

 Long submarine crossings; 

 Asynchronous interconnections (Scandinavia, Eastern Europe, India, China); 

 Frequency changers (Latin America, Japan); 

 Stability enhancement; 
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 Right-of-way enhancement. 

Furthermore, it was concluded that the present and future developments should serve to 

maintain the position of HVDC as a highly competitive option for the system developers and 

operators of the future. 

 

HVDC technology has been commercially available for almost 60 years, and it is now well 

established in specific application niches. Performance-wise, this technology is still benefiting 

from the rapid development pace of power semiconductors, microprocessors, and new insulation 

materials. Michel Chamia, chief engineer and company senior specialist at ABB Power Systems 

in Västerås, Sweden, in 1999 argued that market-wise, the last decade of the 20th century 

brought rapid changes, which were bound to impact on the market environment for HVDC, well 

into the twenty-first century (Hammons et al., 2000). 

 

Chamia (2001) provides an estimation the market drivers for HVDC transmission as well as 

its role in the 2000s and beyond. His general conclusion is that very positive signs are in the 

offing for HVDC in the 21st century. This technology was expected to be a major option for 

system planers and system operators when addressing the conceptual and practical issues of 

network expansion, reinforcement, and refurbishment. 

 

 

Market Drivers 

 

Chamia (2001) distinguishes technical as well as nontechnical issues as powerful market 

drivers for HVDC transmission. Among the nontechnical issues, national energy strategies, 

regulatory reforms introduced in the electricity sector, globalization of business, etc. have an all-

important impact on the choice of solution adopted to bring energy to the market in a safe, 

reliable, and economic manner. The following illustrates the nature and implications of some of 

the market drivers. 

 

 Electricity penetration: The share of electricity in the total energy consumption will 

continue to grow vigorously in the twenty-first century, particularly in emerging and fast 

growing economies (non-OECD countries). The rationale behind this is clearly apparent 

from the following statement made by a high-ranking Chinese official: “We will convert 

primary energy into electricity as much as possible, because the higher the share of 

electricity in the end use of energy, the lower the energy consumed per unit output 

value”
7
 

 National Energy Policies: Chamia (2001) estimates that the Kyoto protocol to the United 

Nations framework convention on climate change will play an important role in the 

                                                 
7
 37th CIGRE Session, Opening Ceremony; Electra No. 180, October 1998. 
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twenty-first century with respect to national energy policies. For example, in the 

European Community (EU), the policy is, among others, to rely on a broad range of 

energy sources and to reduce greenhouse gas emissions.
8
 In this context, renewable 

energy sources have been identified as an effective way to implement these goals. 

Other drivers identified by Chamia include electricity sector reforms, systems oriented issues, 

and advances in technology. 

 

 

Role of HVDC 

 

The role of HVDC in the twenty-first century is best described with particular reference to 

additional and new roles that this technology is expected to play as a result of the aforementioned 

market driving forces. Chamia (2001) suggests that HVDC will contribute to improving the 

economy of exploitation of energy resources, in particular for renewable sources of energy; and 

that it will also help in reducing the impact of energy conversion on the environment, while it is 

expected to stimulate the integration of economies across regional and national borders. 

 

 Traditional Role: Chamia (2001) stresses the massive capacity additions in generation 

foreseen in the twenty-first century will no doubt, necessitate bulk power transmission of 

electricity across land and/or waters. The deregulation of the electricity sector featuring 

the opening of electricity markers and private investments will contribute to increased 

interconnection of networks in order to realize the economic benefits afforded by 

electricity exchange. In this context, power flow control will exhibit merits both from a 

technical and from an economical point of view.  

A good example is the 180 MVA HVDC-light transmission interconnector that linked the 

Queensland and New South Wales energy markets in 2000, allowing electric power to be traded 

between the two Australian States for the first time. As foreseen by Chamia (2001), new market 

environment and new technology would contribute to doubling the HVDC market in the 2000s. 

 

 New Roles for HVDC: Chamia (2001) suggests that the political thrust to boost the 

market penetration of renewables, coupled with market opening and competition in 

generation will result in many small to medium size generating plants, located either 

close to the consumption center or remote from it. In both cases, the interaction between 

the generation and transmission/distribution grids is expected to necessitate enhanced 

control capabilities on the part of those grids. This is particularly true of wind power, 

since the operating conditions of such plants vary quite substantially over time. HVDC 

technology will effectively decouple the generation plant or park from the grid, thus 

                                                 
8
 “Renewable Energy in the EU,” Financial Time Energy, 1998 
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simplifying system operation and allowing electricity contracts to he established without 

concern over grid safety and quality. 

 

Role of HVDC for ITPs 

 

HVDC transmission technologies have a definite role in ITPs. The traditional uses of HVDC 

technology for interconnection asynchronous electrical grids or providing long-distance 

submarine transmission will continue and could expand as trading opportunities increase. Many 

currently isolated electrical grids may be interconnected by HVDC transmission lines that are 

developed as ITPs. The Basslink ITP between the island of Tasmania and the Australian 

mainland is a good example of a traditional application of HVDC technology in a new 

commercial framework.  

 

In 1999, Jeff Donahue (president and CEO of TransEnergie U.S. Ltd., Massachusetts, 

U.S.A.) argued that HVDC technology would also be used to meet nontraditional needs that 

would become more important in ITPs. (Hammons et al., 2000). Since environmental and 

commercial considerations will be critical for ITPs, the favorable characteristics of HVDC 

technology in these areas will be important. 

 

 

HVDC Technology Expands the Market for ITPs  

 

Donahue (2000) argues that independent transmission projects can bring significant benefits 

to competitive electricity markets by facilitating the new role of transmission as a neutral 

competitive platform and by responding to the market signals for transmission investment. ITPs 

will allow the costs and benefits of transmission expansion to be more closely coupled and will 

further reduce transmission costs by introducing competition into the transmission sector. A 

recent example of ITP projects is the New Jersey Energy Link. 

 

As stressed by Povh (2000), the driving force in the development of power systems is a 

growing demand for electric energy; in the strongly industrialized countries of Europe and North 

America, and also in Japan, little demand can be expected for growth in the future, even 

stagnation, based, however, on a high present level of demand.  

 

On the other hand, in the Far East and partly in South America, future long-term growth is 

expected to be rapid. These are the regions where energy demand will be the greatest in the 

future. This expected rise in energy demand will likewise lead to rapid further development of 

electric power systems. 
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Trends in the Power Industry 

 

Povh (2000) distinguished the following global trends that are currently being encountered 

in the power industry and which strongly affect future developments: deregulation, globalization, 

and privatization. 

 

 

Future HVDC development 

 

The traditional uses of HVDC will continue, as the technology is now mature, reliable, and 

accepted throughout the world. Bruno Bisewski (chief engineer for system studies, Teshmont 

Consultants, Canada) argues that the largest potential locations for application of HVDC will be 

in Asia (China), India, Africa, and South America, suggesting that there is still a wealth of 

undeveloped or underdeveloped hydro-power potential on these continents, generally in 

locations which are very distant from foreseeable markets (Hammons et al., 2000).  

 

Bisewski (2000) also argues that future improvements in photovoltaic technology may allow 

construction of large solar generating installations in tropical locations, the output of which could 

be transmitted to markets over long distances using HVDC. In Bisewski’s own words (2000), 

“transmission of power underwater over long distance by cable will also continue to be 

implemented using DC transmission since it is simply not possible to apply AC in this 

application”. It is expected that the pace of thyristor development may slow down in the coming 

years but that some of the new technology using GTOs and IGBT will start to be applied, 

particularly at lower power transfer levels.  

 

The impetus recognized for using these technologies is that they can be economically 

applied in a number of scenarios (Bisewski, 2000). For instance, because they make more 

efficient use of insulated cable rating than ac interconnections, they would be favored where, for 

environmental or aesthetic reasons, it was necessary to serve a load by cable rather than overhead 

wire. 

 

 

Deregulation/Regulation of the Power Industry 

 

Bisewski (2001) stresses that deregulation of the power industry can be seen as a two-edged 

sword when it comes to looking at future HVDC development. On the one hand, it may 

encourage more rapid investment in projects where there is a clear differential in costs of 

energy/capacity between the areas of interconnection. 
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However, where such clear signals are not present, it may delay commitment to such 

projects even if there are other advantages, such as better quality of service, which may not be 

directly billable to consumers. The separation of revenue streams for generation and transmission 

could thus hinder construction of projects unless a suitable regulatory framework exists which 

would send the right signals to investors.  

 

On a wider scale, Bisewski (2000) argues the future development of super HVDC grids 

linking regions and countries will only be possible if three factors can come together: long-term 

political stability of the regions being interconnected; differential energy/capacity cost high 

enough to attract investors; and stable and coordinated regulatory environment in regions to be 

interconnected, which will ensure that investors will have the confidence to commit long term 

money.  

 

 

3.4 Competition in the HVDC market 
 

 

ABB and Siemens are global leaders in the field of HVDC. The first HVDC lines were 

developed by ABB decades ago, however DC transmission fell into disuse because of the ease of 

AC. Although AC power involves higher transmission losses than DC, this factor was given little 

importance in industrialized Europe and the US; such losses are negligible over the short 

distances of densely populated regions such as Europe, where power stations are located 

relatively near urban and industrial users (Simonian 2011; 2012).  

 

However this is not the case in China, India, Brazil and other fast-industrialising countries. 

Surging growth has prompted demand for electricity. Users though tend to be far from power 

sources, such as remote river systems and dams. In China’s Three Gorges Dam project, the water 

and its potential lies thousands of kilometers west of the industrial and urban centers of the 

eastern seaboard. Thanks to large numbers of HVDC lines power has been brought to where it is 

needed.  

 

Prompted by China and others, the world market for transmission technology, especially 

HVDC, is growing fast. Siemens forecasts the market will be worth €6bn-€8bn a year in the next 

five years, with HVDC accounting for a rising share of the sector. “By 2020, I’m expecting to 

see new HVDC transmission lines with a total capacity of 250 gigawatts. That is a dramatic 

increase. In the last 40 years, we’ve only installed 100 gigawatts worth of HVDC transmission 

lines,” says Udo Niehage, Siemens’ head of power transmission (Simonian, 2012). 

 

Until recently, there was one obstacle that was impeding faster growth. HVDC lines, or the 

subsequent and more sophisticated HVDC-Light and HVDC-Plus systems developed by ABB 
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and Siemens respectively, had been restricted to “point to point” connections. On the demand 

side ABB’s and Siemens’ customers (electricity utilities) desired flexibility to make multiple 

connections to transmission lines, allowing them to switch on or off individual sections. This is 

an essential feature for the dense grids of the developed world, where supply and demand must 

be balanced and sections shut down when problems arise. 

 

In January 2012 the battle to overcome HVDC obstacles was constantly scaling (Simonian, 

2012). The flexibility required would only be possible when the market leaders, or France’s 

Alstom, would develop effective circuit breakers to handle the DC voltages involved. This has 

been an existing technology for AC, however at that point it did not exist for HVDC. Matthew 

Knight, Siemens’ business development director stated “True multi-terminal DC connections can 

bring benefits beyond 2020. They will require some pioneering work” (Simonian, 2012).  

 

Simonian (2011; 2012) stressed the growing need for DC flexibility due to the spreading 

demand to established markets. The offshore wind parks being commissioned by the UK, 

Germany and others involve transmission distances bridgeable only by DC. Such renewable 

power, however, has to be integrated into existing grids, making circuit breakers essential. 

Separately, more countries are investing in high voltage “inter-connectors” between their 

national grids, also requiring HVDC. In January 2012 Mr Knight stated: “A high voltage circuit 

breaker for DC and converters with huge power ratings are future products that will be needed 

for such a network. Siemens is working on these – as surely are all relevant competitors”.  

 

At that point ABB and Siemens, which hold about 80 per cent of the HVDC market, were 

racing to be first. “The market potential for HVDC is $10bn a year in the next five years. Circuit 

breakers could add a lot to that,” stated Peter Leupp, ABB’s head of power transmission. In 

contradiction to a conventional AC switch, the technology involves more than breaking a 

physical connection between two pieces of metal. Instead, researchers were trying to adapt the 

highly sophisticated power semiconductors used by both companies in the “converter stations” of 

their HVDC lines, where AC power is turned into DC and back. 

 

ABB invested $200m in the past two years on research and production at its Swiss 

semiconductor manufacturing site. Executives did not provide any breakdown of costs, but 

admitted a substantial proportion of money had been used for circuit breakers. Siemens last spent 

€110m on power transmission R&D in 2011, but gave no further breakdown. Both companies 

were tight-lipped about their progress but at the same time confident that work in their labs 

would prove fruitful. 

 

As discussed before, Carlsson and Stankiewiz (1995) stress that for a technological area to 

grow, someone has to perceive the possibility of the technology and identify the potential for 

growth. In this case, for the technological area of DC grids to grow, ABB, Siemens and Alstom 
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perceived the possibility of developing a DC breaker, as well as its potential for growth; the 

major drive for market growth is based on the possibility of building reliable, stable power 

systems that rely more heavily to renewable energy sources. This reflects the shift that 

technological trajectories are going through, driven by a pursuit of more sustainable solutions in 

the power industry. 

 

 

3.5 The vision of ‘super grids’ 
 

 

The HVDC Breaker as a Means to Boost Renewable Energy  

 

Thomas Edison favored direct current, or DC, as a means of delivering electricity over 

alternating current, or AC, in the so-called War Of Currents. The inventor of the light bulb lost 

that competition, which marked the point for alternating current to be established as the 

dominant force of power transmission; AC is the primary way that electricity flows from power 

plants to homes and businesses everywhere. 

 

High Voltage Direct Current (HVDC) is seen as the transmission method of the future, 

mainly due to its ability to transmit current over very long distances with fewer losses than AC. 

That trend is highly likely to be accelerated by ABB’s recent innovation, the HVDC hybrid 

circuit breaker, which may make it possible to use DC on large power grids without the fear of 

catastrophic breakdown that stymied the technology in the past. 

 

ABB states that this novel switchgear technology may also prove critical to the 21st 

century’s tradition from fossil fuels to renewable energy sources, by tapping the full potential of 

massive wind farms and solar generating stations to provide electricity to distant cities.  

 

The device has so far been tested only in laboratories, but ABB’s CEO Joe Hogan touts the 

hybrid circuit breaker as “a new chapter in the history of electrical engineering” and predicts that 

it will make possible the development of “the grid of the future” – that is, a massive, super-

efficient network for distributing electricity that would interconnect not just nations but multiple 

continents. ABB claims to have sold a “100 year-old unsold puzzle”. Outside experts do not give 

the same amount of credit at the time but still see the breaker as an important breakthrough. 

 

“I'm quite struck by the potential of this invention,” says John Kassakian, an electrical 

engineering and computer science professor at the Massachusetts Institute of Technology. “If it 

works on a large scale and is economical to use, it could be a substantial asset.” 
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From Conception to Reality 

 

The hybrid HVDC breaker may herald a new day for Edison's favored mode of electricity, in 

which current is transmitted in a constant flow in one direction, rather than in the back-and-forth 

of AC. In the early 1890s, DC lost the so-called War of the Currents mostly because of the issue 

of long-distance transmission. 

 

In Edison's time, because of losses due to electrical resistance, there wasn't an economical 

technology that would enable DC systems to transmit power over long distances. Edison did not 

see this as a drawback because he envisioned electric power plants in every neighborhood. 

 

But his rivals in the pioneering era of electricity, Nikola Tesla and George Westinghouse, 

instead touted AC, which could be sent long distances with fewer losses. AC's voltage, (think of 

it as analogous to the pressure in a water line), could be stepped up and down easily through the 

use of transformers. That meant high-voltage AC could be transmitted long distances until it 

entered neighborhoods, where it would be transformed to safer low-voltage electricity. 

 

Thanks to AC, smoke-belching, coal-burning generating plants could be built miles away 

from the homes and office buildings they powered. It was the idea that won the day, and became 

the basis for the proliferation of electric power systems across the United States and around the 

world. 

 

But advances in technology ultimately made it possible to transmit DC at higher voltages. 

The advantages of HVDC then became readily apparent. Compared to AC, HVDC is more 

efficient—a thousand-mile HVDC line carrying thousands of megawatts might lose 6 to 8 

percent of its power, compared to 12 to 25 percent for a similar AC line. And HVDC would 

require fewer lines along a route. That made it better suited to places where electricity must be 

transmitted extraordinarily long distances from power plants to urban areas. It also is more 

efficient for underwater electricity transmission. 

 

In recent years, companies such as ABB and Germany's Siemens have built a number of big 

HVDC transmission projects, like ABB's 940-kilometer (584-mile) line that went into service in 

2004 to deliver power from China's massive Three Gorges hydroelectric plant to Guangdong 

province in the South. In the United States, Siemens for the first time ever installed a 500-

kilovolt submarine cable, a 65-mile HVDC line, to take additional power from the 

Pennsylvania/New Jersey grid to power-hungry Long Island. And the longest electric 

transmission line in the world, some 2,500 kilometers (1,553 miles), is under construction by 

ABB now in Brazil: The Rio-Madeira HVDC project will link two new hydropower plants in the 

Amazon with São Paulo, the nation's main economic hub.  
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But these projects all involved point-to-point electricity delivery. Some engineers began to 

envision the potential of branching out HVDC into “supergrids.” Far-flung arrays of wind farms 

and solar installations could be tied together in giant networks. Because of its stability and low 

losses, HVDC could balance out the natural fluctuations in renewable energy in a way that AC 

never could. That could dramatically reduce the need for the constant base-load power of large 

coal or nuclear power plants. 

 

 

The Need for a Breaker 

 

Until now, however, such renewable energy solutions have faced at least one daunting 

obstacle. It's much trickier to regulate a DC grid, where current flows continuously, than it is 

with AC. “When you have a large grid and you have a lightning strike at one location, you need 

to be able to disconnect that section quickly and isolate the problem, or else bad things can 

happen to the rest of the grid,” such as a catastrophic blackout, explains ABB chief technology 

officer Prith Banerjee. “But if you can disconnect quickly, the rest of the grid can go on working 

while you fix the problem.” 

 

That's where HVDC hybrid breakers—basically, nondescript racks of circuitry inside a 

power station—could come in. The breaker combines a series of mechanical and electronic 

circuit-breaking devices, which redirect a surge in current and then shut it off. ABB says the unit 

is capable of stopping a surge equivalent to the output of a one-gigawatt power plant, the sort 

that might provide power to 1 million U.S. homes or 2 million European homes, in significantly 

less time than the blink of an eye. 

 

Existing mechanical HVDC breakers so far were capable of interrupting HVDC currents 

within several tens of milliseconds, but this is too slow to fulfill the requirements of a reliable 

HVDC grid. HVDC breakers based on semiconductors can easily overcome the limitations of 

operating speed, but generate large transfer losses, typically in the range of 30 percent of the 

losses of a voltage source converter station. To overcome this obstacles, ABB developed the 

hybrid HVDC breaker, which has negligible conduction losses, while preserving ultra-fast 

current interruption capability (Callavik et al., 2012). 

 

While ABB's new breaker still must be tested in actual power plants before it is deemed 

dependable enough for wide use, independent experts say it seems to represent an advance over 

previous efforts (Siemens, an ABB competitor, reportedly also has been working to develop an 

advanced HVDC breaker). “I think this hybrid approach is a very good approach,” says Narain 

Hingorani, a power-transmission researcher and consultant who is a fellow with the Institute of 

Electrical and Electronics Engineers. “There are other ways of doing the same thing, but they 

don't exist right now, and they may be more expensive.” 
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Hingorani thinks the hybrid HVDC breakers could play an important role in building 

sprawling HVDC grids that could realize the potential of renewable energy sources. HVDC 

cables could be laid along the ocean floor to transmit electricity from floating wind farms that are 

dozens of miles offshore, far out of sight of coastal residents. HVDC lines equipped with hybrid 

breakers also would be much cheaper to bury than AC, because they require less insulation, 

Hingorani says. 

 

For wind farms and solar installations in the Midwest and Rocky Mountain regions, HVDC 

cables could be run underground in environmentally sensitive areas, to avoid cluttering the 

landscape with transmission towers and overhead lines. “So far, we've been going after the low-

hanging fruit, building them in places where it's easy to connect to the grid,” he explains. “There 

are other places where you can get a lot of wind, but where it's going to take years to get permits 

for overhead lines—if you can get them at all—because the public is against it.” 

 

In other words, whether due to public preference to keep coal plants out of sight, or a desire 

to harness the force of remote offshore or mountain wind power, society is still seeking the least 

obtrusive way to deliver electricity long distances. That means that for the same reason Edison 

lost the War of the Currents at the end of the 19th century, his DC current may gain its 

opportunity (thanks to technological advances) to serve as the backbone of a cleaner 21st-century 

grid. 

 

 

3.6 The HVDC Hybrid Breaker 

 

In November 7, 2012 ABB announced a breakthrough in the ability to interrupt direct 

current, claiming to have sold a 100-year-old electrical engineering puzzle and paved the way for 

a more efficient and reliable electricity supply system. After years of research, ABB has 

developed the world’s first circuit breaker for high voltage direct current (HVDC). It combines 

very fast mechanics with power electronics, and will be capable of ‘interrupting’ power flows 

equivalent to the output of a large power station within 5 milliseconds. 

 

The breakthrough removes a 100-year-old barrier to the development of DC transmission 

grids, which will enable the efficient integration and exchange of renewable energy. DC grids 

will also improve grid reliability and enhance the capability of existing AC (alternating current) 

networks. ABB is in discussions with power utilities to identify pilot projects for the new 

development. “ABB has written a new chapter in the history of electrical engineering,” says Joe 

Hogan, CEO of ABB. “This historical breakthrough will make it possible to build the grid of the 

future. Overlay DC grids will be able to interconnect countries and continents, balance loads and 

reinforce the existing AC transmission networks.” (ABB 2012) 



 

24 

 

 

The Hybrid HVDC breaker development has been a flagship research project for ABB, 

which invests over $1 billion annually in R&D activities. The breadth of ABB’s portfolio and 

unique combination of in-house manufacturing capability for power semiconductors, converters 

and high voltage cables (key components of HVDC systems) were distinct advantages in the new 

development.  

 

HVDC technology is needed to facilitate the long distance transfer of power from 

hydropower plants, the integration of offshore wind power, the development of visionary solar 

projects, and the interconnection of different power networks. ABB pioneered HVDC nearly 60 

years ago and continues to be a technology driver and market leader with many innovations and 

developments. With over 70 HVDC projects, ABB accounts for around half the global installed 

base, representing an installed capacity of more than 60,000 megawatts (MW). 

 

Deployment of HVDC has led to an increasing number of point-to-point connections in 

different parts of the world. The logical next step is to connect the lines and optimize the 

network. ABB is already working on the construction of multi-terminal systems and the latest 

DC breaker innovation is a major step in the evolution of HVDC grids. In parallel to the new 

hybrid breaker development, ABB has an established HVDC grid simulation center developing 

solutions for future DC overlay grid operations. 

 

 

The importance of the hybrid HVDC breaker  

 

The war of currents was played out 100 years ago between alternating current (AC) and 

direct current (DC). Alternating current won, although direct current is much more efficient at 

transmitting power over long distances, for example between remote renewable energy sources 

and population centers. This makes high voltage direct current a key technology in overcoming 

the problem that renewable energy is seldom produced in places where it needs to be consumed, 

for example by connecting remote offshore wind farms to inland population centers. 

 

However, the problem until now has been that there was no way to create a “grid” using DC 

technology. A grid is what is needed to effectively balance supply and demand and ensure 

reliability. This new innovation from ABB makes it possible for the first time to create an high 

voltage direct current grid allowing the efficient integration of remote renewable energy sources. 

This technology makes it possible for us to build the future grid, a highly efficient and stable 

power infrastructure that meets new energy challenges. 

 

The evolving grid needs to be increasingly flexible and interconnected, as well as more 

reliable and intelligent to address new challenges like large scale integration of renewables. The 
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ability to transfer large quantities of electricity across vast distances with low losses and using 

minimal space combined with the feasibility of going underwater or underground make HVDC 

(high voltage direct current) a sought after technology across the world. 

 

Deployment of HVDC has led to an increasing number of point-to-point connections in 

different parts of the world. The logical next step is to connect the lines and optimize the 

reliability of the network. This will also enable balancing of loads, integration of intermittent 

renewables, lowering of transmission losses and facilitate energy trading across borders. 

 

Countries like Germany could well be the incubator for such a vision, since it has many of 

the elements that call for the development of a more interconnected grid. Several studies 

including the recent NEP plan and network study II by Dena (German Energy Agency) have 

examined the feasibility of using HVDC technology to connect renewable energy sources in the 

north with load centers in the south. Such a DC connection could later be integrated with an 

overlay grid to augment optimization efforts and conventional attempts to expand the AC grid. In 

fact, ABB engineers first conceived a vision for the European grid in the 1990s. 

 

Harmeet Bawa, head of communications for ABB's power products and power systems 

divisions, states that ABB’s technology portfolio already enables the construction of multi-

terminal systems that can be further developed into HVDC grids, while other key technology 

components are under development; the Hybrid HVDC breaker though provides the vital missing 

link to revitalize visions such as the European grid or Desertec. It is also a clear signal that from 

a technology perspective, the planning for DC grids can proceed. As Olof Heyman also 

underlines, “the technology is there” (ABB 2012).  

 

According to MIT Technology Review, ABB’s hybrid HVDC breaker was credited as one 

of the ten breakthrough technologies of 2013. The review recognizes the capability of this 

innovation to make possible the creation of supergrids, allowing far-flung wind and solar power 

to be transmitted to areas without much sunshine or wind. The major benefit acknowledged is 

that such a grid can result in more reliable renewable energy that can better compete with fossil 

fuels.  

 

The diffusion of ABB’s recent innovation can be analyzed in the context of the development 

blocks; ABB considers that the most important role of the breaker will be its capability of 

supporting DC grids. In order for this technology to be applied, as in this innovation to be 

diffused, a significant complementarity is the need for regulation among different countries. Olof 

Heyman, head of marketing for ABB's HVDC business, has expressed his concern on the matter 

(ABB 2012). The importance of regulation/deregulation for HVDC in the 21st century was 

however underlined at the end of the 20th century by Povh, Bisewski and Chamia (Hammons et 
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al., 2000). The importance of institutional factors in the innovation process has also been stressed 

by Hughes (1990). 

 

According to Dahmén (1991), the construction of a railway network may be seen as an 

example of a development block, but also the electrification of a railway network as well as the 

exploitation of geographic areas with respect to industry, agriculture, and communications. 

These development blocks cannot be completed in one step and as long as they have not been 

completed, there remains a certain structural tension. Thus, it takes a prolonged period of time 

for a development block to be completed. 

 

Following the same pattern, the creation of DC grids can be considered a development 

block, whereas the alignment of different policies between countries among which a future DC 

grid is planned to span can be considered another development block. In addition, a development 

block can be smaller scale renewable energy operators and constructors, such as Vestas 

(manufacturer, seller, installer, and servicer of wind turbines) who cannot integrate their plants to 

a DC grid before it has been built. 

 

There has been a number of innovations in HVDC transmission, such as ABB’s Light, 

Siemens’ HVDC Plus and Alstom’s HVDC MaxSine in the field of Voltage Source Converter 

based solutions; the latter has received the Frost & Sullivan Award for Outstanding Technology 

Innovation. However all these technologies are improved versions of existing technologies. 

Therefore, they can be viewed as incremental innovations, given that their role is limited to 

improving the performance of existing structures. The only exception in the field of HVDC is 

perhaps the DC circuit breaker, depending on one’s perspective; ABB’s recently introduced 

hybrid HVDC breaker is touted as an “innovation breakthrough”, having the potential of 

significantly altering the scene in the power industry. From that perspective, this novel 

switchgear technology can be considered a radical innovation, in case it eventually manages to 

bring ground breaking changes. However, it is important to remember that it is the perceived 

degree of novelty which matters; novelty is very much in the eye of the beholder. For example, 

in a giant, technologically advanced organization like Shell or IBM advanced networked 

information systems are commonplace, but for a small car dealership or food processor even the 

use of a simple PC to connect to the Internet may still represent a major challenge (Garcia and 

Calantone, 2002). 

 

Alstom also claims to be on the right path of introducing its own HVDC breaker on the 

market. Alstom Grid has achieved the best performance ever seen in a High Voltage Direct 

Current (HVDC) circuit breaker while testing a prototype at its testing facility in Villeurbanne, 

France. The company claims that the HVDC circuit breaker interrupted currents exceeding 3,000 

amperes in less than 2.5 milliseconds. Alstom states that the tests are expected to continue until 
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the summer of 2013. It remains to see if Alstom manages to successfully commercialize its new 

switchgear technology and thus cover the distance between invention and innovation. 

 

4. Conclusions 
 

 

It is evident that climate change calls for a shift towards green technologies. Within this 

context there have been recent advances in HVDC transmission enabling the creation of a 

sustainable, environment friendly, future DC grid. We can expect companies operating in the 

electric power industry to focus more on “greener” solutions, which consequently applies to the 

field of HVDC technologies. The so-called War of Currents saw DC lose against AC, however 

DC delivers better results in certain occasions of high-voltage transmission. What is interesting is 

that this evolution can be seen as the revival of a forgotten technology, which due to recent 

advances has been at the forefront of scientific research in the last decades. DC can be regarded 

as a ‘reverse salient’ in the theoretical context of Hughes (1983), given that it had fallen behind 

but it now serves as a base for inventions such as ABB’s HVDC hybrid breaker. It is important 

to stress that this research has been taking place mostly due to the efforts that companies put to 

develop more environment friendly solutions in power transmission.  

 

The only area where DC is favored over AC is HVDC at this point, and the major drive for 

HVDC advances seems to be the need of a wider integration of environment friendly solutions in 

power transmission. It is quite clear that DC will not pose a threat to AC technologies, given that 

a further implementation of HVDC in existing grids will allow for DC and AC to collaborate, 

which will enhance the performance of existing AC grids rather than put the question of 

replacing them; this combination is considered to be the optimal solution regarding power 

transmission. As displayed by various indicators DC is favored only in a number of certain 

occasions, which is highly unlikely to change in the near future. However, within the context of 

coming up with sustainable power transmission solutions, companies operating in the field may 

make constantly increasing investments in R&D in order to compete and pursue further 

improvements; a situation that may as well be considered a case of transformation pressure. This 

can especially stand to ground if the new standards that ABB has established are taken into 

account; after ABB introduced its game-changing hybrid circuit breaker, competitors are forced 

to adapt to new standards in order to remain competitive and overcome potential threats.  

 

ABB eventually prevailed the competition of developing the world’s first HVDC breaker, 

which brings the Swiss conglomerate to a dominant position. However, competitors such as 

Siemens are on their way of developing similar technologies. Alstom has reportedly achieved the 

best performance in a HVDC circuit breaker so far, however the product is at the moment being 

tested and has not yet reached a point where it can be introduced in the market. In the meantime 
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ABB holds a significant precedence that nevertheless grants the company with a competitive 

edge in the field of HVDC solutions. If ABB manages to hold a sound role in a number of 

projects, especially those that are aimed to serve as the grounds for envisioned future super grids, 

the company may even make a monopoly profit. The “laying the grounds for future super grids” 

niche is nevertheless a HVDC market where ABB is at this point dominant; during the period of 

this dominance the company can achieve significant profits as well as further establish a sound 

presence in the market, given that the company develops the mechanisms required to capture the 

value they have created. One such move could be a stronger participation in the Desertec project; 

a good performance in this project can help the company expand its already excellent reputation 

to the future super grid market, a field that the company has quite clearly started to penetrate.  

 

Competitors need to meet the requirements that ABB has set, in order to remain competitive 

and realize the opportunities that exist in that niche, as well as overcome the threat of becoming 

obsolete. The position that ABB’s competitors are in can be considered a case of transformation 

pressure for two reasons; Firstly, the shift of the power industry towards developing technologies 

that can allow the existing systems to further benefit from renewables, as well as successfully 

implement more renewable sources in existing grids, can be considered a case of transformation 

pressure. Secondly, the need to adapt to new standards that competitors face further pushes them 

to reach similar achievements. The development of future super grids may as well significantly 

alter the scene of the power industry in the future; if ABB’s competitors fail to develop similar 

technologies their role in power transmission may be significantly limited in the future. ABB’s 

game changing innovation has nevertheless changed the conditions of the game; the face of the 

power industry may quickly change and competing companies operating in the market will soon 

need to take actions. 

 

If ABB remains the only company that holds a technology of a HVDC circuit breaker for a 

certain period of time, the company’s role in the development of super grids will grow bigger 

and bigger; until eventually the scene of the power industry will have changed significantly, and 

ABB will be dominating a niche that they have created; and they will have done so for a 

substantially long running time, gaining an undoubtable time advantage as well. This will 

nevertheless have an impact on the role of other companies operating in the field of power 

transmission; the development of HVDC grids on a global level will be more and more common, 

and dominated by one company. Such a scenario leaves other companies handling smaller scale 

projects on a more local level and thus failing to profit from the existing situation on the market. 

The realization of such a threat and potential weakness to capture value can impose sheer 

pressure in companies operating in the power transmission industry.  

 

ABB’s innovation breakthrough can undoubtedly be interpreted as a disturbance in the 

system, to use the Schumpeterian approach on innovation. Even if the impact of ABB’s hybrid 

HVDC breaker is more likely to be a long-term one, the introduction in the market and 
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commercialization of ABB’s invention nonetheless carries the potential of causing significant 

imbalance in the current system; which can, in Schumpeterian terms, be interpreted as a display 

of creative destruction. Existing structures in the mentality of power transmission design are 

likely to be destroyed, since a new technology offers feasible, more sustainable, more 

environment friendly, and finally lower cost solutions. The disturbance in the system, driven by 

the pursuit for new sources of profit, can thus be expected to establish new structures in the place 

of the old ones.  
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