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Geomorphologic conditions of its coastal areas and the importance of its shipbuilding industry make of Nagasaki 
Prefecture a suitable location for exploitation of marine energies. The objective of this work is to assess the tidal energy 
resource at the most promising areas for tidal current stream energy in this prefecture. With this aim, an FVCOM numerical 
model was validated with ADCP data measured in Naru Strait, Goto Islands. Monthly power density maps for the most 
promising locations are presented. Results show areas with considerable potential for tidal stream energy exploitation, as 
well as other areas with lighter conditions, enough for high-efficiency devices. 
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INTRODUCTION 

The tsunami and subsequent nuclear accident in 
Fukushima in 2011 has reopened the debate about the 
feasibility of fission nuclear energy in Japan. In order to 
reduce the dependence on this source, the Japanese 
government has set a strategy that aims at 22-24% of 
electricity being generated by renewables by 2030 [1]. 
Within renewable resource, tidal energy presents the 
advantages of being highly predictable, having high energy 
density and low environmental and visual impact. 

Strong currents are generated by the interaction 
between tide wave moving from the Pacific Ocean to the 
Sea of Japan in flood tides and vice versa in ebb tides and 
the geomorphologic conditions of Nagasaki Prefecture 
coasts, its many islands and narrow channels (see Fig. 1). 
This, added to the importance of its shipbuilding industry 
and the geographical isolation and low population density 
of areas (Goto, Tsushima, Iki, Hirado, …) close to locations 
with high energy density, make of tidal stream energy 
exploitation a suitable option. Proof of this is the proposal 
of two of the four main channels in Goto Islands as a 
testing site for tidal current converters [2]. 

The present paper aims to create a Nagasaki 
Prefecture tidal energy resource map, focusing on two 
kinds of areas: 1) the most promising for commercial 
exploitation with current technologies; 2) with lower 
potential, enough for high-efficiency tidal generators.  

METHODOLOGY 

As for other similar studies, the procedure followed in 
this case consisted on the usage of a numerical model, 
previously validated by comparison with data measured at 
one point of the domain, to simulate hydrodynamic 
conditions at the different areas of interest. 

The model used is FVCOM [3], an unstructured grid, 
finite-volume, three-dimensional, primitive equations 
coastal ocean model, which has been found suitable for 

simulating hydrodynamics in estuaries or coastal areas [4]. 
The computational domain (Fig. 1) covers Nagasaki 
Prefecture marine areas, as well as its approaches in order 
to minimize the numerical instabilities generated in the 
open boundary on the areas of interest.  

 

The model was forced in its open boundary nodes with 
amplitudes and phases of the 8 main tidal constituents (M2, 
S2, N2, K2, K1, O1, P1 and Q1). The values for each node 
were obtained from TPXO7.2 [5], a model of ocean tides 
based on the Oregon State University tidal inversion of 
TOPEX/POSEIDON and Jason altimeter data. Freshwater 
discharge and meteorological conditions were not 
considered in this model. Cell size gradually decreases 
from around 0.6 km2 near the open boundary to less than 
200 m2 in the narrowest analyzed area, the entrance to 
Omura Bay (“K” in Fig. 1). Model bathymetry was 
generated from 1x1 m mesh data measured by a Sonic 
2024 Broadband Multibeam Echosounder in the central 
area of the four main channels in Goto Islands, digitalized 
bathymetry isolines from NewPec maps in the other areas 
of interest and their approaches, and 500x500 m mesh 

Figure 1. Nagasaki Prefecture map with tidal energy 
analyzed areas and FVCOM model grid. 
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data from the Japan Oceanographic Data Center (JODC). 
In terms of vertical resolution, 10 sigma layers were 
simulated. However, due to space limitations, only 
vertically averaged values will be hereby presented. 

The model was validated with 1-hour averaged data 
measured in Naru Strait (Goto Islands) by an ADCP 
measuring for 40 days in November and December in 
2016 with 2 Hz sampling frequency. A graphic comparison 
between data measured and a model prediction is shown 
in Fig. 2, with a good agreement between both hodographs. 

 

 

ESTIMATION OF AVAILABLE POWER 

Power extractable by a tidal current turbine per unit 
time can be defined by 

𝑃 = 0.5𝐶𝑝𝜌𝑉
3𝐴𝑡           (1) 

Where ρ is density, V is the magnitude of flow velocity, 
and Cp and At are the power coefficient and turbine 
aperture, respectively. Since these last two parameters are 
turbine dependent, turbine aperture was not considered 
and Betz limit (0.593) was used instead of Cp. Then, the 
resulting equation is: 

 
𝑃 = 0.5𝐶𝐵𝑒𝑡𝑧𝜌𝑉

3  (2) 

This represents the flow of available kinetic energy 
per square meter of turbine aperture. Vertically averaged 
velocity model results for every cell were extracted with 1-
hour frequency. When this value is under 1 m/s (likely 
turbine cut-in velocity [6]) available energy was considered 
null. Power results were later integrated for a 1-month 
period for an estimation of monthly resource. Maps 
representing monthly extractable power per square meter 
for the areas of interest presented in Fig. 1 are shown 
below. 

Goto Archipelago 

In order to make the maps clearer, Goto Islands is 
divided in two areas, corresponding with the two towns 
present in the archipelago, Goto and Shin-Kamigoto. 
Takigawara Strait, the city boundary between both cities, 
is presented in Goto city map. 

 

The three channels shown in Fig. 3 (from west to east 
Tanoura (1), Naru (2) and Takigawara (3)) have similar 
characteristics: a main direction northwest to southeast 
and averaged dimensions of approximately 8 km length, 2 
km width and 50 m depth. The tide wave flowing between 
the Pacific Ocean and the Sea of Japan and the channels 
mainly parallel to this wave generate strong currents 
through them, with maximum velocities of 4 m/s for the 
simulation period. The monthly available power reaches 
values close to 2.2, 1.4 and 1.0 MWh/m2 at some points in 
Takigawara Strait, Naru Strait and Tanoura Strait, 
respectively.   

The fourth main channel in Goto Archipelago is 
Wakamatsu Strait (4). Shallower (30 m averaged depth) 
and with weaker currents (maximum velocity 3 m/s) than 
the previously presented, the importance of this kind of 
areas lies on the suitability for tests with high-efficiency 

Figure 2. Comparison of ADCP data and 
model results at Naru Strait. 

Figure 3. Goto city tidal resource map 

Figure 4. Shin-Kamigoto city tidal resource map 
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tidal current converters. Relatively low power areas 
between Ejima and Nakadori (5) and in the northeast area 
of Goto Archipelago (6) are also suitable for these 
purposes. Monthly available power at the most promising 
spots in these three areas are approximately 1.1, 0.5 and 
0.4 MWh/m2. 

Hirado Island 

 

The third area analyzed represents the waters 
surrounding Hirado Island. Two major locations were 
observed. The first one is Hirado Strait (7), between the 
homonymous island and Kyushu main land, with 
approximate dimensions of 3 km length, 1 km width and 30 
m averaged depth, where maximum monthly available 
power density values of 1.5 MWh/m2 are predicted. 
Furthermore, the cape in the southeast part of the island 
(8) creates relatively strong currents (max velocity 3 m/s), 
generating a power density of 0.6 MWh/m2 per month. 

Tsushima Strait 

In Tsushima Strait, between Kyushu and the Korean 
Peninsula, there are two big islands belonging to Nagasaki 
Prefecture: Iki (9) and Tsushima (10). Despite the absence 
of important channels, the interaction of flow with their 

coasts generates currents ( ≈ 2 m/s) which can be 
harnessed by low-velocity converters. Maximum available 
power per month predicted near Iki and Tsushima is 0.35 
and 0.18 MWh/m2, respectively. 

Hario Strait and Yobuko Strait 

 

 

In the entrance to Omura Bay, close to Sasebo City, 
the second most important in Nagasaki Prefecture, is Hario 
Strait (11). The big volume of water passing through the 
channel, its low depth (20-30 m) and the short width (200 
m in its narrowest point) generate very important currents 
in this area, with velocities higher than 4.5 m/s during 
spring tides. These strong currents produce a monthly 
power density of nearly 4.5 MWh/m2. 

Also in this map, a small colored area between 
Kyushu main land and Oshima Island (Saikai City) (12) can 
be observed. In contrast to Hario Strait, maximum current 
velocity at this area is slightly lower than 2 m/s, with a 
power density of approximately 0.17 MWh/m2 per month. 

Hayasaki Strait 

Figure 5. Hirado Island tidal resource map 

 

 

Figure 6. Iki Island and Tsushima Island tidal resource 
maps 

Figure 7. Hario Strait and Yobuko Strait tidal resource 
map. 

Figure 8. Hayasaki Strait tidal resource map. 
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Finally, shared with Kumamoto and Saga Prefectures, 
Hayasaki Strait (13, “L” in Fig. 1) in the entrance to Ariake 
Sea is one of the most favorable areas for tidal energy 
commercial exploitation due to resource, area and depth 
conditions. Focusing on the narrowest part of the channel, 
with green and yellow colors in the map in Fig. 8, there is 
an area of more than 8 km2 with a monthly power density 
higher than 1 MWh/m2. Depths higher than 30 m at every 
point of this area make possible the installation of an 
important number of commercial-size turbines. 

SUMMARY AND CONCLUSIONS 

Table I summarizes the information previously 
described for each location, with area, averaged monthly 
power density and approximated averaged depth for the 
given area. 

Table I. Area, averaged monthly power density and 
approximated averaged depth for each area of interest. 

Location 
Area 
(km2) 

Depth 
(m) 

Month PD 
(MWh/m2) 

1 4.71 40 0.62 

2 3.56 45 0.77 
3 3.07 60 0.98 

4 0.37 25 0.62 
5 3.99 50 0.38 

6 0.56 30 0.27 
7 0.56 30 0.68 

8 0.60 40 0.40 
9 0.50 20 0.14 

10 0.52 25 0.12 
11 0.28 20 1.81 

12 0.19 15 0.12 
13 8.41 70 1.28 

 

The heterogeneity of the areas presented is an 
important point to bear in mind, since it proves the 
suitability of Nagasaki Prefecture waters for testing a very 
wide variety of tidal stream convertors. In terms of flow 
conditions, locations with maximum velocities from 2 m/s 
in points 9, 10 or 12 to 5 m/s in 11 or 13 are available, 
providing optimum conditions for very different test 
requirements depending on the converter characteristics. 
Regarding bathymetry conditions, different options are 
shown, from shallow areas suitable for cross-flow turbines 
and oscillating hydrofoil technologies [7] in locations 9, 11 
or 12, to deeper areas for axial turbines, the most 
advanced in current market. Furthermore, Tanoura (1), 
Naru (2), Takigawara (3), Ejima (5) or Hayasaki (13) 
provide strong current areas large enough to hold tidal 
arrays, which allows testing the interaction between 
turbines in the short-term and the construction of 
commercial tidal farms in the future. 

In addition, tidal current resource can contribute to 
achieve energy self-sufficiency in isolated or semi-isolated 
areas such as Goto Archipelago, Iki, Tsushima or the small 
islands in west Saikai city (12). This would bring important 
economic, social and environmental improvements to the 
regions.  
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