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Fig. 1 New installed capacity and cumulative installed
capacity of global offshore wind power from 2016 to 2021
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Fig.2 New installed capacity, cumulative installed capacity (a) and average unit capacity (b) of

offshore wind power in China from 2011 to 2021
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Fig.3 Sketch to illustrate noise paths during
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impact pile driving
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Tab.1 Overview of main research results on the influence of pile driving noise
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Tab.2 Domestic and foreign measurement results of underwater noise of offshore wind turbine during operation period®"

B R HL3% 4 Rk P2 s Ih#H /MW K /(m/s) B R B /m R Ed) L5 H/dB re 1 ppa
no. wind farm foundation type size wind speed distance dominant Leg
1 Vindeby A=Y 0.45 13.0 14 25 127
2 Bockstigen FABE 0.55 8.0 20 160 113
3 4.0 50 312 111
4 5.0 50 216 111
5 6.0 50 216 111
6 4.0 200 312 92
7 4.0 400 312 81
8 Utgrunden Y 1.50 14.0 83 180 126
9 12.0 160 180 109
10 12.0 463 180 103
11 3.5 110 63 104
12 12.0 110 160 118
13 17.0 110 200 118
14 Middelgrunden #=R 2.00 6.0 20 25 109
15 13.0 40 125 122
16 Horns Reef Y 2.00 5.9 87 150 104
17 8.9 87 150 108
18 11.9 87 150 118
19 15.4 87 96 118
20 15.6 87 150 118.5
21 Nysted #H7)A 2.30 4.0 175 400 103
22 5.0 175 315 92
23 6.0 175 135 96
24 8.0 175 135 101
25 10.0 175 135 103
26 Paludans Flak R 2.30 9.0 100 134 123
27 9.0 100 134 119
28 14.0 100 134 116
29 21.0 100 134 111
30 Lillgrund #=R 2.30 12.0 160 127 102
31 400 127 92
32 1000 127 86
33 1 24 126
34 1 130 142
35 160 24 93
36 160 130 109
37 400 24 87
38 400 130 103
39 1000 24 81
40 1000 130 96
41 Northwind EALAE 3.00 11.0 40 50 135
42 150 50 133
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SR 2 -
5 K HLIZ 4R i E/MW KE/(m/s) B HERE B/m FHE Mz S Y/dB re 1 ppa

no. wind farm foundation type size wind speed distance dominant Leg
43 Sherrington Shoal AR 3.60 5.0 50 160 123
44 8.0 50 160 125
45 10.0 50 160 126
46 Gunfleet Sands HpE 3.60 4.5 30 150 125
47 45 100 150 120
48 Alpha Ventus =z 5.00 12.0 92 90 110
49 14.0 100 90 118
50 Block Island SEL 6.00 6.0 50 14 114
51 15.0 50 14 120.6
52 C-Power S 6.15 11.0 40 50 137
53 60 50 128
54 150 50 122
60 Scottland % X\ F.%) R 1.50 17.0 110 180 112
55 VRGN FER 5.00 3.0 50 50 111
56 12.0 50 125 118
57 HpE 3.00 3.0 54 50 108
58 8.0 54 100 110
59 11.0 54 125 119
61 3.0 15 325 81
62 1.5 15 119 89
63 3.60 3.5 15 22 99
64 45 20 11 101
65 5.00 1.5 15 69 90
66 i i 5.00 6.0 15 1360 100
67 pizsi i HUpE 4.00 3.1 100 200 46.9
68 German North Sea A 1.50 17.0 110 208 112
69 17.0 110 523 111.5
70 12.0 110 523 110.5
71 12.0 110 160.3 112
72 0.80 3.5 110 63 97.5
73 110 109.8 97

TE 575 — T 6 F ik S HO 9% T 4 68 (Salmo trutta)
B IRIG R, s T A RIS LA K 1 A
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Wk (Platichthys flesus) 141 5% B 5 ™, 2015 4,
Zemg SV BIF T [B) RO R A L S B B A
W kT, 458 R, 50Hz, 100 uT #5355t
BE S A ISR & B IO L, T 200 pT 23 5E 52 H:
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Tab.3 Overview of main research results on noise impact during operation period
0y FETTHR Sk
year major contributions references
1994 SRMUEBATIAI LG, RS L B 68 0L 8 PR 3 A i o [74]
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Fig. 4 Attenuation of noise models in different periods of offshore wind farms at different distances from

sound sources, environmental noise levels and audiograms of different fish species

(a) pile-driving noise, (b) operational noise
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Ml TH 2K o

AT FRY, RoK O] GE L HAT #E B g
J1. 2004 4E, Formicki &P WG R A B, o) i
(Perca fluviatilis). [ B 6 (Esox lucius). 0L
(Rutilus rutilus). 75 W i (Scardinius erythropthal-
mus) . BKE L (Alburnus alburnus) . 7:77 Efiw (Abra-
mis brama) F1 2 WA M AL &5 (Gymnocephalus cern-
uus) B WL A R K4S M . Tanski 5507 78
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FIBR
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Advances in research on the effects of offshore wind farm on fish welfare

HUANG Liuyi ", WANG Yining', HUANG Guifang’, LIUBo”’

(1. Fisheries College, Ocean University of China, Qingdao 266000, China;
2. Fisheries Research Institute of Fujian, Xiamen 361013, China)

Abstract: Wind power, as one of the important clean energy sources, has been highly valued by all countries in the
world to reduce carbon emissions in the power industry and achieve the goal of carbon neutralization. With the
continuous development and utilization of onshore wind power, space resources of onshore wind farms are becom-
ing increasingly scarce. Human beings are beginning to bring the wind power industry into the broader ocean. The
coastline of China is long and close to the power load area. In recent years, offshore wind farm construction has
achieved rapid development. Offshore wind power will become one of the main directions of renewable energy
development in China in the future. During the construction and operation of offshore wind power projects, noise
and electromagnetic pollution may occur, which may have a certain negative impact on marine life. Research and
evaluation of wind farms is the prerequisite to ensuring the sustainable development of wind farms. In this paper,
the literature on the Influence Factors of fishes in offshore wind farms is sorted out and analyzed. It is summarized
as follows: at present, there are fewer types of research on acoustic effects of offshore wind farms at home and
abroad in field investigation, construction period, operation period, and outage period, and fewer studies on mar-
ine invertebrates, marine mammals, and benthos. Piling is the main construction stage, which produces high-
intensity short-term impact noise to fish. Fish will startle and swim within a certain range, produce stress response,
increase breathing frequency, and reduce the ability of bio-acoustic detection, thus increasing the risk of predation,
but it has no significant impact on the natural mortality rate. Noise generated during the operation of offshore wind
farms can disguise fish communication and direction signals and lead to stress response, but will not cause
physiological damage or sustained avoidance response. As far as the influence of electromagnetic fields generated
by offshore wind farms is concerned, excessive magnetic field intensity will delay the development of fish
embryos, significantly affect their biochemical indicators, and even kill them. Some fishes, such as eels, are posi-
tioned by magnetic fields, which reduce the speed of fish swimming in offshore wind farms but do not signific-
antly affect the overall migration behavior. Pile foundations of fixed offshore turbines have similar aggregation
effects on fish as artificial reefs, so they will increase fish habitats and thus have a positive impact on species
diversity. Long-term effects of noise and electromagnetic fields on fish health during offshore wind farm opera-
tions have not been determined. We suggest that in the future, we need to study the effects of sector noise on dif-
ferent species, different life cycle stages, and different perceptions of the sound structure of fish, as well as on the
physiology and genetics of fish. Systematic research, combined with laboratory and field experiments, has proved

the mechanism of its effects on fish and established relevant research standards and preventive measures.
Key words: offshore wind power; fish; development prospects; noise; electromagnetic field
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