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Abstract
The Keelung Sill is an underwater ridge, located
between the Keelung Harbor and the Keelung
Island on the northern coast of Taiwan. Due to its
shallow depth, the sill constricts the waterway and
over the sill the tidal currents accelerate. Our
measurements showed that the highest tidal
current speed was 2.7 m/s. We have also developed
an underwater power generating unit, which
included a 80 cm horizontal-axis turbine, an
underwater generator, a gear box, and a
supporting under-structure. The turbine was
designed to generate 3 kW at the current speed of
3.2 m/s. Tests in our cavitation tunnel have been
conducted. It was found that the device generated
1800 W at a current speed of 3.2 m/s. This showed
that there is a 40% power loss in total, including
the loss of mechanic, generator, and power
converter. We also designed and tested a 120 cm
turbine in the cavitation tunnel. The results
showed that the start-up speed for the 120 cm
turbine is 1.38 m/s, lower than the 1.7 m/s for the
80 cm turbine. The power output for the 120 cm
turbine was also about 1700W at 2.55 m/s when the
gear is changed from a ratio of 1:7 to 1:10.
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1. Introduction
Crude oil prices are hovering near or above $100
per barrel, alternative energy sources have become an
important subject matter for the energy security across
all nations. In addition to energy prices, concerns of
global changes and the safety of nuclear power, clean
and renewable energy has gained tremendous
momentum in the search of alternative energy.
Renewable Energy Policy Network for the 21st
Century (2011) pointed out that 3% of the global
electricity generation in 2010 was generated using

non-hydro renewable sources, such as solar, wind,
geothermal, and biomass [1]. According to the energy
review of British Petroleum (BP), the world energy
consumption in the form of renewable energy has
increased 15.5% in 2010 over the previous year [2].
The ocean stores a vast amount of renewable energy,
which includes energy from ocean temperature
differences, wave, ocean current, tidal stream and tide.
Since ocean energy technology is still in its infantile
stage of development, only a few ocean energy
systems reached commercial scale. However, in the
recent years, electricity production converted from
ocean energy has attained significant developments
and interests. Development of the renewable energy
resources and technology is becoming an important
aspect for the Taiwanese government since Taiwan
imports over 99% of its energy. The Bureau of Energy
(BOE) under the Ministry of Economic Affairs is now
working to increase the capacity of renewable energy
up to 15% of the island's electricity capacity by 2025.
Since Taiwan is surrounded by the ocean, it has an
enormous potential for developing ocean renewable
energy. The government has also been examining the
potential ocean energy may hold; the Bureau of
Energy has set a target of 600 MW of ocean energy
capacity [3] for 2030. The government established the
National Science and Technology Program-Energy to
integrate energy technology resources, to formulate an
energy technology development strategy, to screen
future key research and development focuses, and to
tune principles for energy technology budget
allocation [4].
Ocean tides are the result of gravitational attraction
of the Moon and Sun on the Earth. Most area shows
twice rises and falls in one day. In places where there
is large difference in the levels of high and low tides,
this vertical level difference, or called tidal range, can
be used to generate electricity, much like the
conventional hydro power generation. On the other
hand, the propagation of tides is also manifested by a
horizontal current, call tidal current or stream. At
some coastal locations, the tidal stream can be strong
enough for electricity generation. The National
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Taiwan Ocean University has applied to this national
energy program and has been granted a three-year
(2010-2012) pilot project on the subject of tidal
stream energy conversion. It is the purpose of this
article to present some results of this project,
including the current measurements at the testing site,
our developed tidal stream power generation unit, and
laboratory tests of that unit.
2. A pilot project
Our project focuses on five inter-related subjects,
including numerical simulation of tidal current, in-situ
current measurement, tidal current assessment using
satellite remote sensing, turbine blade design and
development of a three kW underwater tidal stream
power generator, and assessment of natural forces on
the generator structure by typhoon wind and waves.
The National Taiwan Ocean University assembles a
team of nine researchers to work on this project. The
basic requirement for the project is to locate a suitable
location at where there is strong tidal current, so that
we can test our tidal power generator after its
completion.
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up to more than 5 knots, due to the contraction of the
flowing section. This makes the area on Keelung Sill
a potential site for tidal current energy studies, and
this is the location where we plan to test our tidal
power generator.
3. Results
In our field measurements, we have collected seven
one-month tidal current information using Acoustic
Doppler Velocity Profiler (ADCP), which measures
current based on Doppler principle, at various stations
on the Sill. The acoustic instruments were deployed at
stations along the Sill at depths of 20m, 15m, 10m,
and 5m in 2010 and depths of 25m, 20m, 6m, and 5m
(Fig. 1) in 2011. Our results indicated that the current
here was clearly dominant by tidal current with flood
tide in the northwest direction and ebb southeast
direction. Among these stations, the 6m and 25 m
sites had the highest velocity, whose peak speed was
2.7 m/s. The peak speeds measured at 20 m stations
was 2.4 m/s, while the 10 m and 5 m site were about
2.2 m/s. The time mean speeds for these stations were
about 1.0-1.3 m/s. We also found that the percentages
of speed higher than 1 m/s were 31%, 57%, 47%, and
48%, for 5 m, 6 m, 20 m, and 25 m stations,
respectively. Our in-situ current measurements
suggested that 6 m deep station is a good location for
testing our tidal stream generator.
In our numerical simulation study, we have been
able to correctly simulate the tidal current in the area
on the Keelung Sill. Figure 2 shows one or our
simulation results, using two-dimensional Princeton
Ocean Model (POM) model. The arrows indicate the
speed and direction of the tidal current. As can be
seen, the current speeds on top of the Sill are
particularly strong. Our simulation also indicated that
the 6 m deep site has a high current speed and is a
good test site for our generator.
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Figure 1: Bottom bathymetry near the Keelung Sill and
current meters stations (solid triangles). NTOU is the
National Taiwan Ocean University.

It is well know that the tidal current on the northern
coast of Taiwan is stronger than other coasts of
Taiwan. The coastal water between the Keelung
Harbor and Keelung Island (Fig. 1) is particularly of
interests, since south of the Keelung Island there is an
underwater ridge, called Keelung Sill. The depth at
the location surrounding the sill is about 60 m, and the
depth of the sill ranged from 5 m to 40 m. The peak
tidal current speed at the coastal water of northern
Taiwan is around 1-3 knots (0.5~1.5 m/s). But when
the tidal current approaches the Keelung Sill, it can go
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Figure 2: Simulated tidal current for the Keelung Sill site.
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One of the major tasks of this study is the design of
turbine blades and a 3 kW power generation unit. The
objective of the turbine blades design is to find an
optimal configuration—camber and pitch—for the
blades to provide maximal power output for the
operational current speed. For this, the propeller
lifting line theory was used. Assuming that the
operating current speed is 3.2 m/s, we first calculated
theoretical power generated at various revolutions per
second (rps) for different blade diameters. As can be
seen from Fig. 3, the blades with 0.8 m diameter will
generate about 3.1 kW at 6.2 rps. From our
calculations, it was found that the three-bladed turbine
is more efficient than the two-bladed one, and the
former turbine has its maximum efficiency of 45 % at
6.2 rps (Fig. 9). This maximum efficiency agrees with
the ones found in other similar turbines (Bahaj et al.,
2007).

on a quad-pod. In the central shaft circular electrical
contacts allows the electrical output to be connected
to cables at all time while the upper casing unit turns
with the tidal current.

Figure 5: Tidal power unit with tail fins being tested in the
cavitation tunnel.

Figure 3: Power generated by different blade diameters at a
current speed of 3.2 m/s

Figure 4: Calculated efficiency of 2-bladed and 3-bladed
turbine.

Besides the turbine, the power generation unit
consists of a gear box, water tight underwater
generator, an outer casing and a quad-pod
understructure, allowing the generation unit to sit on
the sea bottom (Fig. 5). Since the tidal current
changes direction with time, the turbine should be
able to face into the current to maintain its maximum
efficiency. The unit is attached with tail-fins so that it
turns with the current passively, without any active
controls to change the turbine direction. The casing
unit is supported by a central shaft, which is mounted

This unit has been tested in the laboratory. The
National Taiwan Ocean University has a large
cavitation tunnel (Fig. 6), which has a test section
with 10 m in length, 2.6 m in width, and 1.5 m in
height. Test speed can reach as high as 12 m/sec. The
cavitation tunnel is often used for testing ship
propellers, and which is uniquely suited for the testing
of our tidal power unit. The initial test of the tidal
power unit with the 80 cm turbine showed that the
unit generated 1800 W of power when the current
speed was 3.2 m/s. Since the 80 cm turbine was
designed to generate 3100 W of power, there was
about 40% power loss, which included losses due to
the mechanical gear, the generator, and the power
converter. A 40% loss is a reasonable value, and this
shows that our design is on target. However, in our
test, we have found that the 80 cm turbine had a high
start-up speed of 1.7 m/s. For this reason, we designed
another 1.2 m turbine. Test showed that the larger
turbine had a start-up speed of 1.38 m/s, smaller than
that of the 80 cm turbine. We also changed the gear
from the ratio of 1:7 to 1:10. Figure 7 shows the
power output of the unit with the 1.2 m turbine with
the gears of the two different ratios. It can be seen that
the higher gear ratio had a larger power output. The
unit with 1.2 m turbine and higher gear ratio
generated 1700 W for the 2.55 m/s current speed.
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Figure 6: The cavitation tunnel in the National Taiwan
Ocean University
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Our field measurements showed that at the Keelung
Sill a 6 m deep site has a maximum speed of 2.7 m/s
with a time average speed of 1.3 m/s. The area of the
site is only about 2 km by 300 m. It, by no means, can
accommodate any generator farm. However, it is an
ideal site for testing tidal current power generation
units with blade diameter ranging from about 1 m to
over 10 m, since the depth of the Sill ranges from 5 m
to 30 m. The site has a good tidal current speed, and it
is only 2 nautical miles from a fishery harbor. We also
designed our turbine blades based on propeller lifting
line theory. A 80 cm 3-bladed horizontal-axis turbine
was designed, and with it we assembled a power
generation unit. The unit, which is supported by a
under structure, will sit on the sea floor. The unit has a
pair of tail-fins so that it will turn into the current
passively without any active control. Our laboratory
tests showed that the 80 cm turbine unit generated
about 1800W with the current speed of 3.2 m/s. We
also designed a 1.2 m turbine. With it the power
generation unit generated about 1700W when the
current speed was 2.55 m/s. The start-up speed of the
1.2 m turbine unit was 1.38 m/s.
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