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Abstract - The Korean government is aiming to produce 20% of the eectricity using renewable energy
sources by 2030. Ocean renewable energy sources which are abundant in South Korea can do an important
role to achieve the god. This paper introduces a tidal current energy converter utilizing flow induced
vibrations which can eficiently work even in the currents dower than 1.0mVs and suggests optimal designs
of the tidal energy converter based on speeds of the tidd currents in seven different coastd regions in
South Korea. Moreover, the theoretical annud energy production by the tidal converter is estimated at
theses costd areas. The totd amount of the annud energy production by the tidal energy converter is
predicted as 221.77 TWh which is equivdent to 42.3% of the eectric consumption of South Korea in
2013. The result shows that the tidal current energy converter can be an important role to achieve the
god of the Korean government.

Key words : Renewable Energy, Tidal current energy converter, Flow Induced Vibration, Optimal design,
Annua Energy Production
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How VIVACE works
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A device invented by 2 University of Michigan professor and students hamesses the energy in a water
current, and then drives a generator to o electricity. The device will be put into the Detroit River

next year.
1 Bawos with cylinders are
placed on the bottom of the river. w— AC cable

Eﬂ.sﬁnmnentpasmmm
cylinders it creates vortices that
makes them bob up and down.

Bt Undwesy of Mchigas DRVID PERCE Tt ot Fres Press

4 The DC current is
thanged to AC and
sent to shore where
it will ight & new

Fig. 1. Concept design of VIVACE (courtesy of Vortex Hydro Energy Inc.)
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Table 1. Averaged power density and averaged flow velocity by regions

Region API [MWI/K?] PD [MWI/Kn?] U [
1 7.0 133.69 0.64
2 49 93,58 0.57
3 16 30.56 0.39
4 37 70.66 0.52
5 2.8 53.48 0.47
6 14 26.74 0.37
7 17 32.47 0.40
All aress 5.1 97.40 0.57
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Fig. 2. Division of South Korean coasts (left) and distribution of devices and an area occupied by each device (right)

(reproduced from Jo et al., 2016[11])
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Table 2. Optimal diameter and length of a circular cylinder by regions

R%ion D [m] L [m] Aunit [Vn’z} Dl’rff [m] Aoccu[)ied [mQ]

1 0.164 3.270 23.40 5.46 81.87

2 0.184 3.683 29.68 6.15 92.20

3 0.267 5.349 62.58 8.93 133.90

4 0.202 4,045 35.79 6.75 101.25

5 0.222 4.438 43.09 741 111.11

6 0.280 5.592 68.41 9.33 139.99

7 0.262 5.242 60.10 8.75 131.22

All areas 0.182 3.634 28.89 6.07 90.98
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Fig. 3. Power efficiency curve (left, reproduced from Kim and Bernitsas, 2016[6]) and top view of configuration of

cylinder array (right)

Fig. 4. Artist’s renditions of a tidal current energy converter utilizing flow induced vibration
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Table 3. Estimation of theoretical potential of the annual energy production by regions

Region Area [km?] Ay m?] IGC [GW AEP [TWh/y) TOE [Mioe/y]

1 15,248 6,709 14.30 37.59 3.23

2 17,754 7,812 11.66 30.64 2.63

3 11,003 4,881 2.38 6.25 0.54

4 31,784 13,985 15.76 41.42 3.56

5 34,507 15183 12.95 34,03 2.93

6 4,791 2,108 0.90 2.36 0.20

7 3,280 1443 0.75 1.96 0.17
All areas 118,457 52,121 80.96 221.77 18.30
OB g Moc/y] (12) AR 22177 TWhit o 5E|9lr). o] 20134 9]
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