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News From Japan

A New 250-kV HVDC XLPE Cable System in 
Japan

For electric power suppliers, the stability of power supply is 
a most important and keen issue. Regarding this, a power grid 
generally becomes more stable with an increase in size. In ad-
dition, a grid is more robust when it takes the form of a circle 
than when it is one-directional. On this point, Japan is not a 
good country to maintain a stable power grid for many reasons. 
First, Japan is a small but long archipelago. While its length 
reaches about 3500 km, its width is only 300 km at the widest 
point. Secondly, two different commercial power frequencies 
are used; western Japan uses 60 Hz, while the eastern half uses 
50 Hz. Thirdly, Japan is an isolated country surrounded by the 
Pacific Ocean, Japan Sea, Sea of Okhotsk, East China Sea, and 

Philippine Sea. Fourthly, building a large international circular 
power grid is also difficult because of geopolitical situations.

Among the four big islands of Japan, the northernmost 
Hokkaido is the most difficult to build a stable grid, because 
the Tsugaru Strait between Hokkaido and the Main Island, 
called Honshu, is the widest of all the major straits in Japan. 
For these reasons, interconnection of electric power to and from 
Hokkaido is limited.

As shown in Figure 1, up to recently, the Hokkaido grid and 
the Honshu grid were interconnected by a bi-pole 600 MW 
LCC-HVDC link. Here, LCC means a line-commutated con-
verter, which cannot change the direction of the electric current. 
The reversal of the direction of power flow in a LCC system is 
achieved only by reversing the polarity of dc voltage at both 
stations. Since the commencement of operation of Pole 1 in 
1979 and Pole 2 in 1993, this power link has been playing a 
key role in improving reliability as an emergency backup for 
power shedding and also in contributing to the frequency stabil-
ity in the Hokkaido power system. It has also been reducing the 
reserve margin and improving the mutual backup for supply-
demand imbalance of each area.

However, Pole 1 of this power link has passed 40 years this 
year (2019) since the commencement of its commercial opera-
tion. This means that it needs to prepare for future replacement. 
One countermeasure against possible suspension of the link 
was already partly conducted by installing the world’s highest-
voltage (, as of 2012) XLPE-insulated LCC HVDC submarine 
cable [1, 2]. This new cable has been operated safely since 
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Figure 1. Schematic illustration of a map of Japan and locations of new and existing Hokkaido-
Honshu HVDC power links.
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December 2012. However, building an additional HVDC link 
that can interconnect more power is still a keen issue. With this 
background, a new Hokkaido-Honshu HVDC link started its 
construction in 2014.

The specification, supply items, and route of the new DC 
link are shown in Tables 1 and 2 and Figure 2, respectively. 
A voltage-source converter (VSC) system is used in this new 
link. As mentioned above, the former Hokkaido-Honshu Link 
are LCC lines, which use thyristors. Thyristors are essentially 
unidirectional switches that need external voltages to reverse 
the direction of power flow. On the other hand, VSC uses an 
insulated-gate bipolar transistor (IGBT), by which both turn-
ing-on and turning-off the switch can be achieved with no help 
of an external voltage.

As shown in Figure 2, the new link has two overhead line 
sections and a tunnel section, where a DC cable is installed. The 
cable in the tunnel is the longest in the world as an extra-high 
voltage (EHV) cable installed in a submarine tunnel as of March 
2019. The tunnel is a railway tunnel, called Seikan Tunnel for 
high-speed “bullet” trains connecting Tokyo and Hakodate in 
Hokkaido. The cables in the sea section were installed directly 
under the sea in the former HVDC link for all the lines, Pole 1, 
Pole 2, and the newest one constructed in 2012. Compared to 
such cases, the installation of the cables in the railway tunnel 
has many advantages. First, there is no need of compensation 
to fisheries and no need for environmental assessment. In addi-
tion, almost all the processes including installation and main-
tenance are much easier. Furthermore, there is no risk of cable 
damage by a ship’s anchor.

The cable that started its operation in December 2012 was 
manufactured by J-Power Systems Corporation, which was 
then merged into Sumitomo Electric Industries, Ltd. Since this 
cable has been operated without any trouble, Sumitomo decid-
ed to manufacture the new cable essentially the same.

Figure 3 shows the configuration of the developed cable. The 
wind velocity, ventilation, temperature, flow rates and tempera-
tures of water and drainage, and other environmental conditions 
were surveyed for one year in 2013. As a result, three different 
conductor sizes, 800, 1000, and 1500 mm2, were decided tak-
ing account of environmental conditions. Since the cable length 
that can be transported is limited, a pre-molded one-piece joint, 
shown in Figure 4, was adopted for connecting two conductors 
of the same size and a prefabricated composite joint, shown in 
Figure 5, was adopted for two conductors of different sizes. As 
for the insulation, XLPE containing a kind of inorganic filler 
especially developed for use in DC cables, was adopted.

A test piece of the cable, manufactured exactly the same, 
successfully passed a type test conducted in accordance with 

Table 1. Specifications of this project

Commissioning March 2019
Converter type MMC-VSC
Rated capacity 300 MW ± 100 Mvar
DC circuit configuration Monopole (asymmetrical)
DC voltage and current +250 kV, 1200 A
AC voltage 275 kV (both converter stations)
Transmission length 122 km (overhead line 98 km, cable 24 km)

Table 2. Supply items for this project

Items Description

HVDC
Transmission 
Line

Cable Copper conductor (800, 1000, 1500 
mm2)

Joint Pre-mold one piece joints (for conduc-
tors same sizes )
Prefabricated composite joints (for 
conductors different sizes)

Outdoor 
termination

Oil-impregnated paper insulation type

Dedicated 
Metallic
Return  
Conductor

Cable Copper conductor (800, 1000, 1500 
mm2)

Joint Taped joints
Outdoor 
termination

Prefabricated composite joints

Figure 2. Detailed transmission routes and facilities of new and 
existing HVDC links

Figure 3. Developed XLPE-insulated cable installed in a railway 
tunnel for a new 250-kV HVDC VSC link.
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of the CIGRE TB 496 in September 2016. The new HVDC link 
has been operated with no trouble since March 2019.

A blackout, what is called the first island-wide electric power 
outage in Japan, happened in Hokkaido on the 6th of September 
2018. The blackout continued for a relatively long time; it took 
about 55 hours before 99% of the outage was restored and two 
weeks for the complete recovery. The direct cause of the black-
out was that a very big earthquake hit Hokkaido and suspended 
a 1.65-GW thermal power station. However, another point is 
that the Honshu-Hokkaido HVDC link available at that time is 
an LCC link as mentioned above. This means that the link need-
ed an external power to restart its operation. Therefore, the link 
could not take proper action at the power outage. This could be 
one of the secondary causes. It is expected that the new link, 
which is VSC-operable, will solve this disadvantage.

This article was completed in cooperation with Hokkaido 
Electric Power Co., Ltd. and Sumitomo Electric Industries, Ltd.

References
[1] Y. Ohki, “News from Japan – Development of XLPE-Insulated 

Cable for High-Voltage dc Submarine Transmission Line (1)”, 
IEEE Electr. Insul. Mag., Vol.29, No.4, pp.65-67, 2013.

[2] Y. Ohki, “News from Japan – Development of XLPE-Insulated 
Cable for High-Voltage DC Submarine Transmission Line (2)”, 
IEEE Electr. Insul. Mag., Vol.29, No.5, pp.85-87, 2013.

Figure 5. Prefabricated composite joint.

Figure 4. Pre-molded one-piece joint.
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