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Recovery of Sea and Tidal Current Energy in Japan’s Exclusive
Economic Zone using Straight-Wing Vertical-Axis Hydro Turbine

Tadashi TORII, Kinji SEKITA and Kazuichi SEKI

Abstract

Even the sea and tidal current are widely distributed whole through the ocean, the density of their energy are
relatively low same as the wind one. However, the flow of the sea current is steady, the flow of the tidal current is
cyclic and the density of energy increases in the water where the fluid concentrated. Since the reduction of the global
warming gas and the switching of energy resource from the fossil fuel to renewable energy are the common issue of
the human beings at present, this paper focused to realize the recovery of the sea and tidal current energy as a
utilization of the renewable energy in the Japan’s Exclusive Economic Zone (EEZ). The first, the quantity of current
energy passing through the Japan’s EEZ is shown. Then, the Straight-Wing Vertical-Axis Turbine (SWVAT), which
has a lot of truck record as wind turbine, is adopted as the hydro turbine to recover the energy from the current, and
its applicability to the water flow with wave as a natural sea condition is studied. Finally, the recoverable amount

of the current energy by using the SWVAT is calculated.
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Fig.1 Ocean current energy density passing through Japan’s EEZ and the cross section set for passing

energy calculation

Table 1 Ocean current energy passing through Japan’s EEZ (surface with 20m thick)

Sea area Major current Passing energy amount
! % 10°kWh/year
@ South coast (Pacific ocean) Kuroshio, Japan Current 26.1
@ Japan sea Tushima Current 13.0
® Off Hokkaido Oyashio, Kurile Current 06.9
@ Around Okino-torishima Is. 17.1
® Tsugaru Strait Tsugaru Current 08.2
Total 71.3
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Fig.2 The border line between inland sea and open sea, and the predominant direction of current
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Table 2 Annual tidal current energy passing through border

Area Border Annual passing energy
X 10°kWh/year

Tokyo Bay Uraga Channel .0
Ise Bay Irako Channel .2
Kitan Channel 1

Osaka Bay ~ Naruto Strait 1
Inland Sea of Japan Bouyo Channel 9
Kanmon Strait .9

Ariake Sea ~ Hayasaki Strait .2
Yatsusiro Sea Nagashima Strait 0.4
Kagoshima Bay Kagoshima Bay mouth 0.0
Total 26.8
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Fig.3 Time history of the rotation and the load on the hydro turbine (towing force) (V=34cm/sec)
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Fig. 6 Rotation of hydro-turbine in the field of wave and current
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Fig.7 Load onto hydro-turbine during towing experiment in regular wave
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Fig.10 The conceptual drawing of hydro turbine generation system with floating support structures

Table 3 Current energy and recoverable amount passing thorough Japan’s EEZ

Energy amount Recoverable amount
passing through
cross section*! Total area | Realistic area
Energy amount X 10°kWh/year 71.3 58,100 351
Ration to preliminary o
1.1 919 5.6
Open energy supply*? %
sea )
Ration to renewable
e times 6.5 5,282 32
energy
Energy amount X 10°kWh/year 26.8 (124) *2 25
Ration to preliminary o
0.4 2.0)*2 0.4
Inland energy supply*? % @0
sea )
Ration to renewable
e times 2.4 (11.3)* 2.3
energy
Energy amount X 10°kWh/year 98.1 58,224 376
Ration to preliminar
pre Ay % 1.6 921 5.9
total | energy supply
Ration t bl
ation fo Tenewab’e times 8.9 5,293 34.2
energy
Note | #*1: for the elevation of surface with 20m thick
* 2: Assuming tidal current generation facilities can be installed in all area across strait
% 3: Annual preliminary energy supply in Japan 6,320 X 10°kWh/year (2005financial year)
% 4: Supply amount by renewable energy in*® 11X 10°kWh/year (2005 financial year)
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