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Development of a Submarine Cable for an 
Offshore Wind Farm

Japan was hit by the Great East Japan Earthquake and by the 
resultant big “tsunami” (big tidal waves) on March 11, 2011. 
For researchers and engineers in the field of electric power or 
nuclear engineering in countries other than Japan, the memo-
ry of the disaster that occurred in the Fukushima Daiichi (= 
First) Nuclear Power Plant might have still been more vivid and 
memorized more strongly than the tsunami. Figure 1 is a map of 
Japan showing the locations of the area hit by the tsunami and 
the Fukushima Daiichi nuclear power plant. As of December 
2019, the death toll by tsunami exceeds 18,400. Although the 
Fukushima Daiichi disaster itself caused no deaths, at least di-
rectly, several areas surrounding the nuclear power plant are 
still off-limits to the public. For supporting the restoration of 
Fukushima, many sectors and organizations affiliated to the 
Japanese Government have been conducting lots of projects. 
One such project is called the Fukushima FORWARD project 
[1]. Here, FORWARD is an abbreviation of “Floating Offshore 
Wind Farm Demonstration”. The project was conducted by the 
Fukushima offshore wind consortium, composed of eight com-
panies such as Mitsubishi Heavy Industries, Ltd., Hitachi, Ltd., 

Furukawa Electric Co., and the University of Tokyo. It was first 
funded and entrusted by the Ministry of Economy, Trade, and 
Industry in the years from 2011 to 2015. It was then extended 
to 2020 as a second project.

Japan is a relatively small country and is ranked 62nd by its 
total area in the world [2]. However, compared to a relatively 
narrow land, its exclusive economic zone (EEZ) is the 8th larg-
est [3]. This means that it is better to set wind farms offshore 
than inland. Regarding this, the FORWARD project aimed at 
constructing the world-first (at that time) floating offshore wind 
farm consisting of one floating substation and three floating off-
shore wind turbines with respective output capacities of 2, 5, 
and 7 MW [1].

The development of the 2-MW floating wind turbine, the 
world-first 25-MVA floating substation, and undersea cables 
were completed in 2013 as the first phase of the project. The 
7-MW wind turbine, named Shimpuu that means a new wind, 
was completed in June of 2015 as a second phase of installation. 
Figure 2 shows a photo of Fukushima Shimpuu. The turbine has 
a rotor diameter of 167 m and its hub is set 105 m above sea 
level. The floating body has a length of 85 m, a width of 150 m, 
and a draft above the sea level of 17 m, and is sunk to a depth of 
32 m. It is moored to the seabed with 8 mooring chains with a 
diameter of 132 mm. The 5-MW wind turbine, developed in the 
third phase, was installed in 2016. Especially, the safety, reli-
ability, and the economic efficiency including the reduction of 
operation and maintenance costs of the floating offshore wind 
farm were evaluated in the project. The assessment of environ-
mental impacts including the effects on ecological systems such 
as birds, fish, and sea animals, the safety of marine navigation, 
and the collaboration with fishery industry were also actively 
evaluated.

Furukawa Electric and its subsidiary company, VISCAS 
Corporation, took part in the design and manufacture of power 
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Figure 2. Photo of Fukushima Shimpuu, the developed 7-MW 
floating wind turbine.

Figure 1. Map of Japan showing the locations of the area hit by 
the tsunami and the Fukushima Daiichi nuclear power plant.



September / October — Vol. 36, No. 5 53

News From Japan

cables. In this short article, the outline of the development of 
power cables designed and manufactured entirely for use in the 
offshore wind farm is briefly introduced.

Figure 3 shows a schematic drawing of the layout of the ca-
ble installation connecting the onshore equipment and the off-
shore wind farm. Although the 5-MW wind turbine is displayed 
in this figure, the other two cases using 2 and 7 MW turbines 
are essentially the same. As is demonstrated in this figure, the 

cable system receives strong mechanical forces induced by sea 
waves and by the difference in seawater depth. Note that the 
water depths at the points of the three turbines are about 120 m. 
In designing the cables, the conditions of sea waves and other 
environmental factors were assumed as listed in Table 1, tak-
ing account of the highest possible values in a period of 50 
years. First, the “significant wave height”, defined as the aver-
age height of the highest one-third waves in a wave spectrum 
observed in a period of 20 min, was assumed to be about 11.7 
m. Likewise, the “significant wave period” was assumed to be 
13.0 s, while the wind speed and current speed were respec-
tively assumed to be 44.1 and 1.5 m/s.

The cables specially designed for this purpose are called 
riser cables, like those used in a building to connect multiple 
floors vertically. By taking account of the above-mentioned and 
other various conditions, Furukawa Electric designed the riser 
cables according to the flow chart shown in Figure 4.

Figure 3. Schematic of the cable layout in the offshore wind farm.

Table 1. Environmental load conditions

Water depth [m] 120
Significant wave height [m] (50 years) 11.71
Significant wave period [s] (50 years) 13.0
Wind speed [m/s] (50 years) 44.1
Current speed [m/s] (50 years) 1.5

Figure 4. Flow chart for designing riser cables.
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After repeating many tests and trial manufacturing, the com-
pany developed riser cables of rated voltages of 66 and 22 kV, 
the cross-sectional views of which are shown in Figures 5(a) 
and 5(b), respectively. Their specifications are listed in Tables 2 
and 3. Furthermore, the force that the riser cable received from 
sea waves was found very strong near the seabed. As a counter-
measure against this severe force, Furukawa Electric decided 
to put a weight on the cable to increase the cable’s practical 
weight around its portion reaching the seabed. Since the start 
of power transmission in November 2013, the riser cables have 
been operated without major problems.

This article was completed in cooperation with Furukawa 
Electric Co., Ltd.
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Figure 5. Cross-sectional views of the developed riser cables with rated voltages of 66 kV (a) and 22 kV (b).

Table 2. Specifications of the 66 kV riser cable

    66 kV
Conductor   3 × 100 mm2

XLPE insulation   11 mm
Metallic sheath   Stainless steel foil laminated tape (0.6 mm)
Inner PE jacket   3.5 mm
Armor   Galvanized steel wires (6.0 mm)
Outer PE jacket   6 mm
Outer diameter   175 mm
Weight   53 kg/m in air

Table 3. Specifications of the 22 kV riser cable

    22 kV
Conductor   3 × 150 mm2

XLPE insulation   6 mm
Metallic sheath   Stainless steel foil laminated tape (0.6 mm)
Inner PE jacket   3.5 mm
Armor   Galvanized steel wires (6.0 mm)
Outer PE jacket   6 mm
Outer diameter   148 mm
Weight   43 kg/m in air

Erratum

Yoshimichi Ohki
The article “News from Japan” in the July/August 2020 is-

sue contains some exaggerated expressions.
Similar on-line partial discharge (PD) sensors to those re-

ported there have been sold widely for around 30 years by many 

vendors. A Canadian company, Iris Power-Qualitrol, said that 
it has installed more than 18,000 similar PD sensors in many 
countries including Japan. Related standards such as IEEE 
1434 and IEC 60034-27-2 were already published more than 
20 years ago.


