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Abstract

Tidal current power generation is a power generation method that produces energy using tidal currents generated by
tidal phenomena. Tidal current power generation is a sustainable and regular energy production because tidal
phenomenon occurs as long as the earth exists. Many countries are focusing on the development of tidal energy, but
there are still concerns about the impact of tidal energy on the marine animals. In the present study, we reviewed on
the various impacts of tidal power generation on marine animals and the future assignments.
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Table 1. Turbine types of tidal current power generation (HAT: Horizontal Axis Turbine; VAT Vertical Axis Turbine)

(https://www.emec.org.uk/)

Type HAT

VAT

Characteristics > High cfficiency

expensive

o Suitable for large—scale power generation farms

o Installation and Maintenance is difficult and

o Suitable for small-scale power plant
o Cost—effective and easy maintenance
o Operates regardless current direction

Concept design
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Fig. 1. Experimental set—up for impact and control sampling. Fish movements were recorded by remote stereo—video systems and
categorized as ‘rotor passages’ if swimming through the rotor field (0.7 m wide) and as ‘gap passages’ if swimming through
the gap (2 m wide). The gap included the whole cross—area between the two rock formations, that is, both the rotor field and
the space between rotor and rocks. Measurements of fish length and the closest distance (dotted horizontal lines) between passing
fish and the rotor centre were computed for fish passing within the camera stereo—field (illustrated as overlapping camera fields

of view)(Hammar et al., 2013).
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4 dt(Hammar et al., 2013).
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Atole] =814 HE2 TEEA g, o] Holedd= H
2774 3070 mgrol¢lar

Fl

1 ZAelM A" s ZRF/

=9 TAE ¢ (Cooper et al., 2020).
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215171 917t 360% ZHHl2tE o]-8sto] sieF oAl A=t
TEY 4T A8S BUEHGse 8% =7Ye 7
st thFigure. 3).

32 £3H3VIS OI8% ZRUM BN S = 2=
ZAt
Gillespie et al 202D)& 27 "Z‘j Ejwlo] =112 (Phocoena
phocoena)®] 5ol A= kel dis 18749 S+ =
YE#E sttt 2AE S8, 2016% 1045 ¢ 20174 24
7HA] AFEWNE BH SQFe] Pentland Firth(58° 39 N 3° 0
8" W)l 4719 %= 1.5MW EHH¥(Meygen, SIMEC

Fig. 3. Screenshots of fish and mega—invertebrates observed on the video footage from La Jolla, CA: (a,b) sand bass; (c) kelp bass;
(d) California scorpionfish; (e,f) flatfish, circled in white; (g) Unidentified invertebrate, circled in white; (h) octopus; and (1,j)

bait fish schools(Hemery et al., 2022).
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in the main figure(Gillespie et al., 2021).
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Fig. 5. Plan view of the coordinate system for Flood and Ebb tides. The turbine support structure (TSS) and ballast blocks are stationary
on the sea bed. The rotor is turned to always face the tidal flow. The coordinate systems origin is at the centre of the rotor with
the x coordinate pointing directly upstream, the y coordinate across the face of the rotor and the z coordinate vertically upward.
Open circles on the legs of the TSS show the positions of the hydrophone system(Gillespie et al., 2021).
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Fig. 6. Examples of tracks close to the turbine. (Left) A porpoise passing beneath the turbine rotor while it was rotating. (Right) The
one porpoise track that appears to pass through the rotor swept area(Gillespie et al., 2021).
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Fig. 8. Location of Svderfors, approximately 140 km north of Stockholm. (b) Bird's eye view of central Soderfors with the location of
the hydro power station, the test side with the instream turbine and the measuring cabin, after Lundin et al., (2013). (c) Experimental
setup in the river Dalalven. Location of turbine, sonar and ADCP's are indicated. The blue triangle indicates the field of view
of the MBS pole arrangement T (test), the sampling conditions turbine on or off and the green triangle indicates the field of view
of the control site MBS pole arrangement ¢ (control)(Bender, et al., 2023).
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Fig. 11. Two deployments of the FLOWBEC platform are used to compare the predictability of fish school behavioural characteristics
around a turbine structure (FoW1) and in the absence of a turbine structure (FoW2) (Williamson et al., 2019).
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Fig. 12. The FoW1 deployment was downstream of the Atlantis turbine structure during flood flow, approximately 22 m from the
centre of the 10-m high piling, and approximately 15 m from 4-m high ballast blocks; no nacelle or blades were
present(Williamson et al., 2019).
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Fig. 10. Vertical distributions of fish schools plotted for diurnal and tidal phases. Marker size is proportional to the observed cross—section
area, A, while colour represents the relative density as characterised by the mean volume backscattering strength, MVBS200.
The diurnal phase for each observation is defined for the 24 hour daily cycle. The tidal phase for each observation is defined
for the approximately 12.5 hour flood—ebb cycle. The dashed lines indicate the maximum and minimum sea surface height above
the seabed measured during spring tides(Fraser, et al.,2018).
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Fig. 13. Fish school vertical distribution across day/night for all schools (open bars) with a mean height (dashed horizontal line) and
for schools observed at flow speeds above a nominal turbine cut—in speed of 1 m/s (shaded bars) with mean height (solid
horizontal line). The lower extent of EK60 data processing is 2.1 m above the seabed (shaded area). A scaled representation
of the turbine structure is shown at FoW1 (A and B). The probability densities of distributions estimated using Gaussian finite
mixture models fitted via the expectation—maximisation algorithm are shown (curved solid line for schools at > 1 m/s and
dashed curved line for all schools)(Williamson et al., 2019).
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Fig. 14. (a) Lateral and (b) top view—scheme of the acoustic images acquired by the multibeam sonar (MBS) at distances of 30 m and
50 m from WECs A and B, respectively. The field of view (FOV) had a width of 82 m or 130° (IMBS= —66° to +66° ), height
of 20° and maximum range of 100 m, the MBS pitch angle (« MBS) was set to 10° (Francisco, et al., 2019).
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School of fish

(b) 3D model: small and mid size fish
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School of small-size fish

Fig. 15. Visual signatures of schools of fish. (a) Assumed image of school of fish. (b) Computer rendering of a three dimensional (3D)
model of small and mid-size fish, including the yaw (9T), pitch (8T), roll (yT) angles. (c and f) Acoustic images processed
on ProViewer4 at level 3 (L—3) showing a school of mid—size fish with (c) school with 12 m of diameter at 10~ 17 m of range;
and (f) small-size fish, school with 1.5 m of diameter at 3.5—6 m of range. Shapes and silhouettes of schools of fish processed
on FIJI with (d and g) Otsu threshold; (e) Edge filter; (h) outline filter (Francisco, et al., 2019).

(a) Atlantic Cod (b) 3D model: large fish

(e) Edge filter (L-5)
o \

Fig. 16. (a) Image of cod [36]. (b) Three dimensional (3D) model of a cod. (¢) Acoustic images at level 3 of a cod with 0.7-0.8 m

of length, at 10— 15 m of range; (d and e) Extracted shape and silhouette of a cod from the acoustic image in (c) using FIJI
with: (d) binary threshold and (e) edge filter(Francisco, et al., 2019).
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Fig. 17. (a) Image of grey seals. (b)Three dimensional model of a grey seal. (¢) Acoustic images of grey seals at level 3, (¢) measuring
3 m of length, located at 6 m of range; and (f) measuring 2.2 m, located at 6 m of range. The shape and silhouette of grey
seals processed using (d and g) binary thresholds, (e and h) outline filters(Francisco, et al., 2019).
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Fig. 18. (a) Image of male and female orcas [38]. (b) Three dimensional model of an orca. (c and f) Acoustic images of an orca processed
at level 31 (c) An orca with 7 m of length, located at 16 m of range, (f) Orca with 4.2 m of length, at 15 m of range. The shape
and silhouette of orcas processed using (d) binary threshold, (e) outline and skeletonize filters, (g) connected regions, and (h)
outline filters(Francisco, et al., 2019).
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Fig. 19. Study location in the Minas Passage of the Bay of Fundy, Canada. The location of Minas Passage is indicated by the filled circle
in the left—hand panel, and the study site is shown on the right(Viehman, et al., 2022).

Fig. 20. FAST-3 platform deployed at the FORCE Tidal energy test site from 30 Mar to 23 May 2018. Equipment included (A) Simrad
WBAT EK80 echosounder, (B) Nortek Signature 500 ADCP, (C) Aanderaa SeaGuard RCM(Viehman, et al., 2022).
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