
Good morning, ladies and gentlemen! 

I would like to introduce you to the world of DC, which is strongly related to 

cables. First of all let us talk about the drivers for DC technology. Why is the 

market so prosperous, as we have seen it in the last couple of years and we 

expect it to be for the next decade to come. 
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First of all, there is a stronger trend for deregulated markets, especially in 

Europe, where there an unbundling of generation and transmission is taking 

place. The dream of the European Commission for Europe, at the end of the 

day, is to facilitate a free trade of energy resources from all over Europe. That 

requires redundancies in the network and grids with very low losses. There is 

the need for additional capacity. 

Secondly, renewable energies have a strong impact on the transmission grids. 

This is the case not only, but predominantly, in Europe right now. There are 

more and more right-of-way constraints in North America and Europe.This is 

also expected to happen in emerging countries, which have the largest growth 

rates in electricity consumption, e.g. in China, but also here in India. The right-

of-way constraints make it difficult to build transmission assets in the way of 

overhead lines, which increases the attractiveness of cables. 

With respect to the economic advantages, DC needs a lower number of 

conductors – we need 2 instead of 3 for AC. It is a function of the transmission 

capacity and the length of the line, but we are also able to transmit much higher 

capacities with DC compared to AC.  
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There are three fundamental applications for HVDC. One is the back-to-back 

configuration. They are built for up to 1000 MW. Back-to-back means both 

converters, rectifiers and inverters, sometimes called sending and receiving 

stations, are housed in one building. This is used for connecting different grids 

with different frequencies or frequency controls. We have  just been awarded a 

contract here at the border of India and Bangladesh to facilitate the 

interconnection of the grids of both countries. 

Secondly, there is the long distance transmission, originating mostly from hydro 

power connections via overhead lines. Here we have reached-  in China - in the 

last years new technology limits with +/- 800 kV and a capacity of 7500 MW on 

a single bipole, which means on a single tower of line. This is unimaginable in 

Europe. The message here is, that we can transmit huge amounts of energy 

over very long distances with relatively moderate to low losses. 
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The third application of HVDC is with cables, predominantly in submarine 

installations, but increasing also on land. Here nowadays, we reach capacities 

of 1000 MW per monopole or a cable pair, mostly limited by the voltage and 

current available on cable. Therefore I am also very interested in the 

developments you predict for cables. 
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Here you can see some ratios, showing why DC transmission is more 

economical than AC. This is a simple example with 5000 MW over 1400 km with 

capitalized losses over a 30 year lifetime expectancy. This could be 

accomplished by 2 or 3 parallel 765 kV circuits (that is the reference case with 

AC, which is used quite a bit in India, the US and Canada). You can accomplish 

the same task with double circuits of 500 kV DC at 17% lower lifecycle costs. 

Most of the savings are in the losses of the lines, but also 2 DC lines require less 

right-of-ways. The downside of the DC transmission is the higher station cost. In 

the third case, being in operation in China for the last 2 to 3 years, the system 

carries the same amount of power but with a single 800 kV bipolar line, which 

results in a further reduction of the lifecycle cost. From our customer’s 

perspective, it is a wise decision to go for increased voltage and DC, if you have 

the demand for bulk power transmission. If we talk about how to get the 

expected solar generation from Northern Africa to Europe or the offshore wind 

generation to the load centers on land, we have very similar challenges. 
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The markets and the trends for the markets are driven by two independent 

developments, one happens in Europe driven by renewables and an increase of 

cross country power trading and unbundling. There is a need to connect the 

offshore winds to the grids, which is at the moment a huge market opportunity, 

but we also see an increasing reluctance in Germany for the approval of 

overhead lines. Most of the communities are not in favor, if the overhead lines 

are close to their “backyards”. They say: “We need it but not in my backyard”.  

The second driver for growth are the BRIC countries, where due to 

industrialization and growth of population we see a huge demand for power 

consumption per capita, increasing the need for power transmission and giving 

us a nice opportunity to roll out our technology. 
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So, you can see what an exciting market DC transmission is. We have 

accumulated 100 GW of installed capacity worldwide since 1969, when Cabora 

Bassa in Mozambique started. For my industry, this is so to speak the birth of its 

commercial lifetime. We expect, based on identified projects, an additional 250 

GW in the next 10 years. So we have the opportunity of 2.5 times the volume 

compared with the accumulated installed volume of the last 40 years. 

It is a nice business environment, we are in, but naturally it is attracting huge 

competition in prices as well as in innovations. 
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In HVDC products we distinguish today two fundamentally different technologies. 

The “classic”, as we call it in our business, based on thyristors, line commutated 

converters. This is the technology, which originated in Cabora Bassa, which is 

very reliable and has very low losses with a very high power transfer capacity. But 

it has some drawbacks. It is quite space-consuming and costly to install. 

On the right you can see a picture of one of our HVDC Plus installations. It is a 

400 MW link in the bay of San Francisco. It is based on HVDC transistor 

technology, which allows us to build the converters without filters and space-

consuming elements. This technology is suitable for offshore applications as well 

as black-start capabilities, which is necessary to connect island networks, e.g. 

offshore wind parks. 
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On the left side you can see a single thyristor, which is a core element of the 

“classic” HVDC system. It has a blocking voltage of 800 kV and a direct current 

capacity of 4.5 kA. From this direct current capacity you can see, that this limits 

us to use DC cables. Therefore we need to install more cables in parallel, 

because we rarely get single cables with a 4.5 kA rating.  

We are able to build systems up to 800 kV. China has now launched an initiative 

to bring this even up to 1100 kV and up to 11 GW on one single pole. By 

increasing the power rating and the voltage, the journey will go on. The emerging 

countries drive us for innovations. 

This technology is usually used with mineral-insulated (MI) cables up to 600 kV. 

So far, 500 kV is the highest in operation, but we hope that very soon our pilot 

application will operate with 600 kV. 

On the right side the 4.5 kV of the transistors is the maximum switching voltage 

available up to only 1.4 kA. You need a lot more transistors than thyristors to 

build the converters. That goes along with some complexity issues. In the new 

HVDC Plus technology, as we call it, so far we are able to build systems up to 

1100 MVA at 320 kV. As this technology doesn’t need polarity reversals, it is very 

suitable for XLPE cable applications, while the thyristor-based HVDC technology 

does energy direction change with polarity reversals, which makes it very difficult 

for XLPE cables to manage. 
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These are some of the core elements of an HVDC system. In the HVDC Classic 

you always have an AC grid connected on both sides. There are filter circuits 

with capacitors and reactors connected. We need a lot of them in order to 

compensate the reactor power and to absorb the harmonics. Then comes the 

converter transformer and the converter, which is the heart of the station, and 

the DC line in between, which is depicted here as a DC overhead line, but it can 

also be a cable. In case of a back-to-back it can also be a short piece of a bus 

bar in the building. Then comes the mirror image on the other side. 

HVDC systems are always capable of bi-directional power transfer. If you ask 

us for a discount for a single direction of energy transfer, the discount is zero, 

because you cannot take this feature away, there is no money saving.  
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Here are some references of HVDC applications here in India, where Siemens 

has been relatively successful. In 2003 we commissioned the East-South 

Interconnector nearby Kolkata down to Bangalore with 2000 MW and due to 

increased capacity demand, it was upgraded to 2500 MW in 2007. It may be a 

little bit boring for you as cablemakers, because in all of the installations only 

overhead lines are used.  

In 2010 we did the Ballia-Bhiwadi link in the north-eastern region and this year 

we will complete the Adani link, also with 2500 MW capacity, which is the first 

HVDC system in India built by a private investor. Our customer here is not the 

tradional Power Grid of India, which is the customer of the other two projects, 

but a private investor, who will get his returns out of the utilization of the link. 

In the meantime we were also awarded a contract for a back-to-back system on 

the border to Bangladesh, which will allow the power transfer of the 600 MW 

between the Power Grid of India to the network of Bangladesh. 
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Here is an example in Europe, which is cable-related. The Storebӕlt link in 

Danemark between the island of Zealand and Funen, that is where in Europe the 

electrical border is between the NORDEL system of northern Europe and the 

ENTSO-E, formerly called UCTE, system of central Europe, which has the same 

frequency but not with the same frequency control and therefore it cannot be 

synchronously connected. 

Another island in geographical as well as electrical terms is the United Kingdom, 

where we completed the BritNet Interconnector last year, allowing the power 

transfer of 1000 MW, which is also privately operated. It is a very interesting 

business case, because the customer, a joint venture of National Grid and the 

Dutch grid operator Tennet, is utilizing the link by 24 hour-a-day capacity auction. 

When you are a registered energy trader, you can book on the internet the 

transmission capacity one day ahead on that link, then the slots are auctioned on 

the internet. It is a very successful business case, because Great Britiain has an 

hour time shift from the Netherlands and so the power feeds are not in sync and 

therefore there is always a chance for power trading in both directions. As the 

auctions happen to be in both directions, there are actually auctions for more than 

1000 MW, as someone wants to sell 200 MW from the UK to the Netherlands and 

another trader books the same in the opposite direction, the link can actually be 

off. 

That is exactly what the European Union wants, enabling a free trade between 

energy generators and consumers. So the electricity prices should be under 

constant pressure to be minimzed. These assets are a key to drive such market 

developments. 
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Here is a picture of the installation Gui-Guang 1 in China. It is a 3000 MW and 

500 kV classic converter, which we built quite often in China. It has been in 

operation since 2004. You can see the large land consumption. On the right 

there is the AC switch yard, in the front the filter circuits and the green building 

in the middle is the converter building with the transformers adjacent to it.  

The growing Impact of DC on the Grids – Wilfried  Breuer – page 143



This is planned for HVDC in China. It is part of the 5 year plan. So far China 

has been extremely on track in  implementing this plan, almost with a quarterly 

accuracy. It is needless to say, that China has been our best paying customer, 

we never had an open or over-due bill. It is not a rumor that they are rich, they 

do have the money and invest it very wisely in transmission assets. It would be 

a lot cheaper to electrify the company to invest the capex in a gas turbine close 

to the load centers. But China is intentionally developing remote hydropower, 

and then, with an enormous capex, to connect it with the load centers. They 

want to become independent. From a political standpoint China has a lot more 

flexibility to decide such policy than we have in Europe. Nevertheless private 

political statements are only part of the democracies in Europe. 

The red lines are the 1100 kV planned links, the yellow lines are 800 kV and the 

orange ones are the 500 kV links. They have standardized this. The 500 kV link 

is always 3000 MW, the 800 kV is 7500 MW and the 1100 kV is planned to be 

at 10 GW transmission capacity. 
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This is an example of our first 800 kV link with 5000 MW from the hydropower 

rich Yunnan region north of Laos, over 1500 km, to the city Guangzhou at the 

Pearl River delta, where probably 80% of our toys come from and, I guess, about 

80% of t-shirts and sneakers, we buy in Europe. It is an amazing province and 

highly industrialized. If you drive around Guangzhou, you have difficulties to find 

land not covered by factories.  

In a calculation, we compared the CO2 footprint. If we use the average mix in 

generation - in the Guangdong province mostly by imported coal from Australia – 

we calculate a reduction in CO2 emission by almost 33 million tons per annum, 

when we use hydro energy together with HVDC transmission. So the 

transmission system doesn’t only give a benefit for China in terms of import of 

prime energy resources, it also has a positive impact on global warming. This 

shows, that China is doing some of its homework for the CO2 footprint. 
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Here you can see inside a converter building for 800 kV. On the left there is the 

800 kV valve tower, which is suspended from the ceiling. This is a cost saving 

and also earthquake proven design, which is robust against seismic tremors. 

On the wall there are the transformer bushings. The weight of such a converter 

is around 50 tons. So, it is not a small thing. The distance between the ceiling 

and the upper ends of the valves is 4 m. It is a picture taken with a fish-eye 

lense, in order to show the complete facility. 
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For the electrical engineers among us, this shows how a single line looks. 

There is a 400 kV converter in series with another 400 kV converter, building it 

up to 800 kV. So there are two 400 kV DC twelve-pulse groups connected in 

series per pole and completely decoupled. This assures that only 25% of rated 

power can fail at a given moment of operation. 
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This is a transformer, the core technical component of the converter, 

manufactured in our plant in Nuremberg. For this application only, we had to 

manufacture 56 units. 
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This is a picture how it looks in reality. It is positioned in our test field in the 

plant in Nuremberg with an accuracy of +/- 10 cm, because of the clearance 

distance to the walls. Our test field was built in the 1950‘s. It was only suitable 

for 800 kV, for 1100 kV we have already built a new one. 

On the right, you can see only the bushing in a test set-up. The bushing 

insulator is 9 m in length. 
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Here, you can see the 800 kV station. It is quite huge. Chinese maintenance staff 

is running around by Segways. On the right hand side there are 4 buildings, the 

400 kV building in the center and the 800 kV buildings on the outer parts. It is 

more like a power station than a substation.  
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This picture shows the valve house with the transformers. 
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Here is a line tower with its dimensions shown on the left. The height of this 

tower is only 56 m. It is not true, that these are television towers. The height is 

not higher than the average height for 380 kV or 400 kV double circuit towers 

we have in Europe. But it carries 5000 MW, which more than doubles the 

capacity of those lines. Though it is possible to transmit that, nevertheless, I 

don’t believe it will be permissible in Europe. 
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Now let us come to the more exciting new world of HVDC, which is very much 

related to offshore wind parks in Europe and to new technology. That is where 

the competition in innovation is happening now, because we cannot build this 

type of converter, based on multiple soccer field footprints. 
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Here is an example of an AC wind park in the Baltic Sea near Lillgrund in 

Sweden, which we built in 2007. It is an 80 MW wind park, which you can nicely 

see, when you drive over the bridge from Copenhagen to Malmö. It is visible on 

the right hand side. In the front you can see the substation. This is AC with a 

single feeder cable to land. 
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With Thanet in the UK, we have a 200 MW offshore wind park. Here the picture 

shows the installation of the platform topside. This is also an AC connection 

with 230 kV three-phase cable to shore, but we have already an increase in 

transmission length as well as capacity. The weight of the topside is about 2500 

tons. There are not too many cranes available, like this floating one here. The 

daily rate of this one is incredible and you cannot do this in any weather 

condition. So it is a very challenging business in terms of risk management. 

In the top right corner, the installed platform can be seen. It is totally unmanned 

and remote controlled. It has some facilities like a helicopter pad and some 

landing facilities for a boat to do maintenance. 
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Now let us talk about the world of HVDC Plus and how it works. We basically 

use a sine-wave and switch it in 4.5 kV steps individually. This is shown by the 

red curve over the blue curve, which is an ideal sinusoidal wave as we would 

like to have it. The total amplitude here is +/- 320 kV, that is the maximum 

voltage of the cables supplied to us at the moment. We get a very smooth 

representation of the sine-wave, enabling us to build this converter without any 

filters. There are no filters on the DC side and there are no filters required on 

the AC side. Therefore we can extremely minimize the footprint of these 

converters compared to the “classic” technology.  
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Here is a picture of the 400 MW installation near San Francisco I mentioned 

before. More of these devices are stackable. They can be arranged in various 

ways to minimize the footprint. 
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For the last 38 years HVDC business was done by Siemens from Germany for 

the whole world, but never for Germany itself. For the last two years we got our 

most exciting orders in our home country, which are offshore wind parks. We, 

together with our cable partner  Prysmian, now have orders for four offshore 

wind clusters: BorWin2 with 800 MW, HelWin1 with 576 MW, SylWin1 with 864 

MW and as of July HelWin2 with 690 MW. These links transmit collected wind 

power from several wind parks, collected offshore by AC cables with 150 kV 

converted to DC, and bring this power to shore by a single pair of XLPE HVDC 

cables. You can see voltages of 300kV, 320 kV and 250 kV. That also shows that 

the technology is not yet standardized. Each power rating and voltage is 

different. Each design is different. There is still a great potential for improvement 

of the cost position in terms of standardization. It is not only offshore cables. For 

example, BorWin2 is 120 km offshore, including a very challenging shallow 

water section, which lies in a protected German nature reserve. It also includes 

an almost 60 km long land cable section, in order to reach the next substation. 

There is more to come. The German government plans 25 GW offshore installed 

capacity. Here we have just about 2 GW under construction. The connections 

inland have to go deeper and deeper into the German territory onshore and we 

have long discussions in Europe to connect even offshore in terms of super 

grids. The UK has similar plans called Round 3. 

The commissioning years for the respective projects can be seen on the slide. 
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This is how, in our vision, the platform could look. Formerly the converter station 

was onshore. Now it is in this yellow box. Of course, we have to build them in a 

way that they can be unmanned and fully self-controlled with a high level of 

redundancy, because the German North Sea is a very shallow sea with rough 

waves. It is assumed that between November and March you cannot access 

these platforms by ship. You can access the platforms only every second day 

by helicopter because of weather conditions. 

If we want to make the power supply in Europe increasingly dependent on this -  

Germany has to sell this, because it is under tremendous pressure as a result 

of its political decision to shut off nuclear power – we need a very reliable and 

affordable energy source. This is a big challenge for us and Prysmian. It is 

certainly one of our most exciting jobs outside of China and India. 

The growing Impact of DC on the Grids – Wilfried  Breuer – page 159



Here I would like to compare what I have seen in China and partially in India. If 

we want to supply Europe in the future using less fossil fuels and maybe less 

nuclear fuel and more and more by renewable energy, HVDC is one of the 

solutions, not the solution, where we can bring in large amounts of hydro power 

and potentially nuclear power from eastern Europe, wind power from the North 

Sea, eventually even geothermal power from Island and solar generated 

electricity from southern Europe and northern Africa into the load centers, which 

enable us to get a generation mix for fulfilling the political targets of CO2 

reduction, but at the same time giving us affordable and reliable supply.  

There is some analogy with China, but also with India, which just launched last 

week its second 800 kV tender. So India follows very much China by installing big 

HVDC systems to get hydro power from the Himalayan mountains to the load 

centers, in order to fuel the increasing electricity demand of this country by 

renewable energy. Even though India is not on the map here, it is an equal 

example driving our business. Similar pictures could be shown for the US and 

Canada and Brazil, but that would have extended this presentation too much.  

Thank you for your attention! 
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