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New offshore wind installations, global (MW)
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ID Project Name Capacity Area
A Firefly (BH5IE) 810MW(15MWx54) 154 km?2
B Gray whale (#41112f) 1,500MW(15MWx100) 240 km?
C Haewoori (81 20]) 1,500MW(15MWx100) 240 km?2
D  KFW/EBP (33 £84] 0|AE E22n}9]) 1,125MW(15MWx75) 240 km?2
E Munmubaram (5H&) 1,260MW(15MWx84) 240 km?2
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Underwater Noise during construction (dB Peak)

- Underwater noise coverage (Correction Factor 10)
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Marine birds All bird species that live on or

around ocean/sea

O Seabirds All species directly associated with the

marine environment, generally divided
into pelagic and coastal species

OShc:’re.-birds
(or waders) All species commonly found along the

shorelines of wetlands and coastal
systems

Waterfowl
O (or waterbirds) All species commonly found in

wetlands with adaptations to swim
(e.g., webbed feets)
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Science-aligned
climate action

Green energy that
revives nature

R i

2025
2040

2030

Today

2030

Today

Oflﬂose year. 2.Scope 1-3 emissions. See full overview of @rsted's science-based targets in our annual report.

] l ' .

We have industry leading sustainability ambitions and actions

98% reduction in emissions intensity! SCIENCE

BASED
TARGETS
Net-zero value chain?

No later than 2030, all new renewable
energy projects commissioned must have net-
positive biodiversity impact

Zero wind turbine blades to landfill

TheNature @
Zero solar panels to landfill Conservancy &

40-60 gender balance in our total workforce and among
people leaders (women:men)

We exclusively deploy green and sustainable long-term
financing, and all projects are taxonomy-aligned

Orsted

—




Carbon emissions

from renewable Impacts on
energy supply communities
chains -
R V. /74
O V / / /A
Circular

Biodiversity
and local
ecosyz:ztez_ns

resource use

Human and labou
rights
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Our biodiversity ambition

Deliver net-positive
biodiversity impact in all

renewable energy projects
we commission from 2030




and operation activities

oo
i
i
il 1. Bird and bat collision with, a) wind turbines and b) onshore 8.
transmission lines L}
etz S 2. Seabed habitat loss, degradation and transformation
é‘ - "\r' 3. Hydrodynamic change 10.
'll 4. Habitat creation
s 5. Trophic cascades .
5 ©. Barrier effects or displacement effects due to presence of wind farm 12
T . 7. Bird mortality through electrocution on associated onshore

Mortality, injury and behavioural effects associated with vessels
Mortality, injury and behavioural effects associated with
underwater noise

Behavioural effects associated with electromagnetic fields of
subsea cables

Pollution (e.g. dust, light, solid/liquid waste)

Indirect impacts offsite due to increased economic activity and
displaced activities, such as fishing

i distribution lines 13. Associated ecosystem service impacts
M 14. Introduction of invasive alien species
i WIRAE I AR 1T AR i
J - (LA i : L 1A
5 Source:lUCN . } : 4
e PN A v iy LIy
Iﬂx A b (dail e ¢

Biodiversity impacts induced by offshore wind farm construction

Most concerned impacts
by offshore wind:

1 Direct mortality to birds
due to collision

2 Direct habitat loss and
disturbance from
installation of
infrastructure offshore

6 Displacement of birds
due to wind farm
presence and vessel
activity

© 9 Disturbance to marine

mammal species due to
underwater noise
impacts

b |

L
Grester Chonghua 3
2 Greater Changhua 4 & ¥ Glion Onshore substation
y 4 T Tolchung
A Greater Changhue 20 t 3,
o Changhue

gt ™ Greater Changhua 1

Orsted

D
:
-
Operations end Heintanance (05M) Hubs

Introduce the Suction Bucket Jacket Foundations (SBJ)
technologies to the regional market for the first time:

@rsted adapts SBJ foundations in Changhua 2b&04 wind
farms.
The feasibility assessment covers :

Engineering, NCKU

of National Centre of Earthquake Engineering.

. simulation.

* Partnered up with Department of Hydraulics and Ocean
* Build seismic modeling and commenced trial at the lab

« Applied 475 years return period on load and resistance

Mitigation example: Advance with project design and construction

Orsted

4/24/2024




Protecting biodiversity begins with the mitigation hierarchy

Going
beyond no
net loss

Enhance

Offset

Current
industry
best
practice —
no net loss

Restore

Source: International Union for Conservation of Nature; OECD; The Biodiversity Consultancy

Further initiatives to increase biodiversity beyond its baseline state

Orsted example: Deploying artificial cod pipes at Borssele or additionally restoring
areas of historically degraded saltmarsh habitat

Ecologically compensate for remaining unavoidable residual impacts, which may
be most effective outside the impact area

Orsted example. Build artificial nesting structures to compensate for potential
collision impacts

Compensates for residual biodiversity loss from development projects and
contributes to achieving No Net Loss

Orsted example: Restoring areas of project impacted saltmarsh habitat

Aims to minimise or eliminate impacts on sensitive habitats and species

Orsted example: Using noise mitigation technology (bubble curtains) during
installation

Avoid disturbance of biodiversity from the outset during development

Orsted exarnple: Avoidance of sensitive habitats for on offshore cable routes

Orsted

Biodiversity initiatives in offshore wind farms

Borkum Riffgrund 1

Bubble curtains were deployed
during installation of the
monopile foundations, helping
protect marine wildlife

Collaboration with WWF to
install 10 biohuts at Port of
Grenaa to shelter juvenile fish

Qrsted announced £2.8m
seascape restoration
project in the Humber
estuary in the UK

Launched global ambition for
Net Positive Impact on
biodiversity at all projects
commissioned from 2030

2014 N 2021 2021 2022 2022 2023
2020 2021 2022 | Coral conservation
: - PRV Orsted and
Installation of four purpose- Building four initiative to WWF have Drsted and
build cod artificial reefs to artificial nesting experiment with del (;/12 WWEF restore
improve habitat for cods towers for black- coral growth on SeD[?pc;i)r/sced reef biogenic reefs
legged kittiwakes foundations structures on in the North

to protect birds

Borssele

Hornsea 3

the seabed in
the Kattegat

a Anholt
S8

Greaer Changhua l BioReef

412412024 Orsted




The mitigation hierarchy

conservatio
n action

N
| positive
| impact |

Residual

Residual impact

impact

e}
(%}
O
o

=
2

>
(7]
}
(V)

2

O

ke

m

Residual

. Restore
impact

Predicted
impact
Minimise

Integrate Biodiversity NPl Framework to Offshore Wind Projects

Project MSP and

Allocation political decision Tender and permitting Execution Operation Decomm
Project o tunit C t

Execution S:’?g;nﬂ:;y Devglr;iaenaent Consenting Construction Operation Decomm
Stages 4

Apply the mitigation hie y (avoid, minimise/mitigate, compensate/offset)

Site selection

Early risk screening

Identify priority features

EIA scoping Baseline surveys and EIA

Biodiversity Quantify losses
Framework (impact assessment)
Implementation

Determine NP
approach
Implement compensation measures

Develop and implement NPI Action Plan

Reporting + disclosure

10 412412024 Orsted




U based companies are required to The European Sustainability ESRS E4: Biodiversity and

Corporate Sustainability Reporting K . Reporting Standards (ESRS) ecosystems are the specific
Directive (CSRD) report extens Veﬁ;;”;fesg;/’;g’ds’m supplement the CSRD on ESG standards under the ESRS applying
4 comply Wi matters to biodiversity
—A I " : Metrics and indicators for
| SBTN is the suggested SBTN will provide a framework for biodlversity will be integroted into

| Science-Based Targets Network (SBTN) |-

- tting SBTs across land, oceans, e -
methodology by both CSRD and se 4 . the existing methodology by
TNFD and freshwater 2024/5

v TNFD has developed a set of disclosure
Voluntary reporting The Taskforce on Nature-related recommendations and guidance for Key stakeholders for TNFD are C-suite (to
frameworks Financial Disclosures (TNFD) - organisations on nature-related - Integrate nature into decision-making)
dependencies, impacts, risks and investors, financial advisors and asset partners
opportunities

overview

Reporting initiatives as e.q., the GRI, are A e
Ly Others, e.g., the Global Reporting |- meant to support companies/governments in . - - - |
Initiative (GRI) understanding and communicating their ESG e

impacts - ot

e ‘ Initiative launched in 2023 by the Aim of framework is to allow
G':Z?S:elng:;lsvz:gr Renewables Grid Initiative (RGI) and the stakeholders to demonstrate progress N
]

International Union for Conservation of towards sustainable renewable energy

The frameworkis under development and will rely on
existing tools and methodologies (e.g. STAR** and
IBAT***) and not on-the-ground data

Measuring and reporting frameworks

Renewables (GINGR) Nature (IUCN) ' generation and access ; i
3 v The framework supplements -
Drsted's biodiversity & Measurement framework developed The framework can be used to Provides key information for new ¥ existing frameworks with the }
measurement q internally in collaboration with The - assess net-gains and —losses to 4 assets that aligns with the CSRD, b1 ability to assess biodiversity :-
framework P Biodiversity Consultancy biodiversity at an asset level SBTN, TNFD, GRI, etc. using on-the-ground Ll
measurements
¥ ")

T , i g
R, T ~ !tn,.ﬂ LEVI, e
Imtlclt\ve launched in 2023 to
~ promote the integrity and L
- 7| implementation of the Global Goal
for Nature*

)
it [ 33
The initiative seeks to bring collective action to reach the Global Goal for
Nature by driving strategic direction, policy positioning, and joint activities
amongst its 27 of the world's largest nature conservation organisations,
institutes, business and finance coalitions
industry standard on how to measure X £

7
#d’

' Ii -

S A

biodiversity across the value chain Ay Nt da |

A Can be/potentially be used for pecies Threat Abotement and Rest:
target setting 1 *Inte ¢ rﬂtepl Biodiversity Assessment To
& - ¥ f v

Initiative launched in 2023 to promote
the integrity and implementation of the
Clobal Goal for Nature

Measuring biodiversity: Landscap

Nature Positive
Initiative (NPI)

Drsted initiated coalition launched in g 1A
Drsted x WEF driven collaboration with WEF in 2024 with the
RE industry coalition purpose of setting a Renewable Energy

Measurement
coalitions

Orsted

If we work together to build it in
the right way, green energy can
help create a more just and

prosperous world, generatlng
~benefits for nature, society, and
+ |




ReCoral by Orsted™
Coral restoration experiment

Description

« Aiming to develop a non-invasive methodology for
collecting surplus coral larvae and growing healthy
coral colonies on offshore wind turbine foundations.

Expected outcome

Develop systematic processes to assess offshore
coral restoration feasibility in any given offshore
wind farm at tropical and/or subtropical waters
where coral ecosystem naturally exists.

Understand scalability of methodology and
possible implementation across an entire wind farm
site

Taichung

Changhua

Environmental potential assessment
Survivability: natural corals in shallow waters vs. offshore wind farms in deep
waters.

Scalability: accepting FOU design load assumptions for marine growth offers
global appliance.

Timescale: 3~8 years to sexual maturity offers self-harvest and organically growth
potential.

Seed bank: 1 m2 foundation with corals is estimated to repopulate 20m?
endangered reefs annually.

412412024 Orsted

2022: First offshore coral
deployment trial

14

2023/24: Coral nurturing and
prepare for the next offshore trial
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Tide (from HAT to LAT): 5.6 m

412412024 Orsted




Under development: Bird habitat conservation

Background

« Bird habitat conservation initiative at mid-west
coastal area is under development as part of
action plans delivering @rsted biodiversity
ambition.

« A preliminary study was conducted in 2023 for
important habitat and species screening. Narrowed
down to 3 prioritized species from 30. The
screening mechanism consists of three steps:

« Step 1: Global/ national conservation status of
species listed as near-threatened and above.

« Step 2: Understand population status and
identify species cited in the coastal wetlands of
international/ national importance.

« Step 3: Species that are domestically significant
and sensitive to impacts of OWFs.

Summary
Prioritized Little Tern, Eurasian Curlew, Black-faced Spoonbill
Species
Interim Select feasible locations and build ecology baseline at
Objective indicative areas based on the important habitats
preliminary study conclusions.
Conservation » Maintain or enhance quality of existing habitat
Strategies * Reduce threats to population
» Creation of new or restore habitat
Little Tern
Eurasian Curlew
Black-facedt . P
Spoonbill —"

15

412412024 Orsted

Biodiversity toolbox pilots

Norway
+ Testing new technology
for birciife monitoring

UK b
* Restoring senscapes in l

the Hurnber Estuary T 3
*+ Protecting seagross with

Blus Meodows initiotive
» Testing potential of seaweed

farming to boost blodiversity
* Mapping climate impacts an

fusture fish migration with PREDICT

|

Ireland
* Integrating biodiversity and
skillbuiding with the \Wild Bee
United States ety Frofeet
* Restoration of rare coostol prairie in Texas
+ Protecting ond restoring tollgrass prairie
in Konsas
* Protection of native tallgrass praire in Texas
+ Ressarching Burrawing Owi Mests and
Relocation Technigues In Arlzona
« Restoring natural high plains wetlonds In Texas

Denmark
+ |nstolling Biohuts to support vulneroble
cod populations
* Rastoring biogenic reefs for ecosystem function
i the BioRee! project
+ Restoring Biogenic reefs for ecasystern function
+ Rebulding boulder reef hobitats during

Instollotion

+ Restoring large scale ecosystem health thaugh
the Coastol Life project

O Sweden Japan
; « Revitalizing Bottic Sed cod stocks - Educoting local yauith on

with ReCod bladiversity and climate

+ Restoring Boftic Sea hobitats with solutions
Hano reef bolls

Netherlands Taiwan

* |mpreving conditions for Attartic cod
with gipe reef instalintion

+ Pioneering the testing of rewilding
principl=s ot sea

= Driving innevative
restoration technalogies
with ReCoral to graw coral
alangsids OSW

4/24/2024







(@)
[l HFEre] o] 2Hy M4 1: SH

HE

oK o =
T W -
) Joll —
m U = or T
m 2 o et M ~ ol %_5 v =
m X NN W T o I- < N oy plX
=< o far LH = X o ot < —
oy i 5O HO - = < —T OoF — S
RS9 = R 3 K 5 o°F & U o d ol
T - 2o o B0 WMo T o Mar m & A Ko
o5 R T L o w3l T3 mE WG m
w_..m . K I B o W O T ol =< Ho ® ol T M Wom L W__u
oMo s i Bowog o N o o Ol m s h
g 0~ % ek = F % o2 =z < M Qo =2 N
ERE X o = ol nF ..r...:..m_.lﬁ_uo Of
s 4 m® T X g O qximo_wla B
nlw X F < MKM.WMW H_ﬁémeOTmouA_ x
= O T ﬂ.ﬂqnzwl4 %E_nu_.|A_._¢or| Ko
o] I = X & ol T Y B 5 = o s ol U < o N
o p o = 4 0m ol oy U > o WoEm m mroRT =
o3 ¥ 1 S oo g 7 M0 - H = K S
__ of 0 = ._I_ o 70 I %0 o © M 4 mo = 90 = Ho MHr
s - O K - 9 o m0 — <F e S gr U %0 H o
T K ©© <M H T L o - o = &K o = -
K 10 I oK r
™ OA {0 =0 ar <0 L_L =1 750 e =< | _IT_ ul. {0 = T
) O EHl o Io oF D oo K- N Fog =L [ Xr
5 &< i il S R Ko W 5 Q0 J 5 & m g
BT oo o Aﬁﬁ_gz%mﬁucéﬁm&ﬁMﬂ: 3
TR B © = = uTmﬂmwmmuT7 EWMCOM Ko
A < .. = o Py g B S W ol = 5 2 ko= =
5 o3 B o4 b TR U= =) =] ol w1 x © i N
WS E or 3 KO nz = = 5 2 o oo Lo 3 & o o
ol o o o @ oI XU T =2 — % M I = o & & o — >
| o X = o Tz o Mo Kok oo, & O n
r 10 5 © ofu o SN < ol 7 | Ok Eow g o) 0
= g0 =t 100 Klo ol < o < = H ol N 3 H M ._.w ™
= A ® =N i o ok W oo ok B . pl B ol % B g = ™ 2
& Mm ol X0 50 o W0 100 mE 70 +00|_u m_ﬁ = 00 . e & ok & or
— _ - by - = s I — = =
AL m_ufo;AmoaTmom3m:%ﬁs; T
= U ol ™ m o RO of U o m M T N = L3
oﬂéﬁ ol_ol_Axgﬂ_%ﬂ%ﬂconxgugx%o_ S
0|l 1 e A\ [m] ki 0 = T m - ~ |.Ar o - L|O >
| ol &0 0 Ol %0 OoF K O 0 o o mo m wE ~ ol © N z <0
ol i 0 = 0 ~NO
ol IS o° K oF o —_ X Ao K: A_l N 4]y
<1 100 Ho < - U A0 o TR T 5F ~ 5] o T K o3
o 80 3 i AR w5 of I = F - I %0 i <
o & M_m o] ol 3l 5l %o J0 g ®r T B MmO K S I oF Ko o] ﬁ.l_ S
=0 KT o RM REAr o < = o= o N< mw%”% ol = M o @
SR MK w o _%mxua_?;wmz Eﬁqw_w_m_ﬁ_uwwy 3
= 5% =  m ow By oo o = _ ko . X
ﬂ._._ —_ < o ._b DL ._OH_ T =y ~ — T _._._ o M
- i) - H T K o {0 ERRA ml L . 11— S
0w K KIr 10 |
o W B IF IE %0 Bl RO s o f0 & o o T )
K T H o I X0 R A.__u oo X
o 1© % " = IL 0
T X4 ol o% .__|._A| o m_ﬂr
= M

O/Lt FLf o= 1
240, 7012 ) HH P S50
25250 %S

1225

=
=



A&/ 0f LUAIEL

=
[=}

Zo/0 uen HYZE0) L2 Z

S LY

Ag

~P2/ LHHOIA L
S ERE LT

2) BCF M Kol

Toil

Toil

HO[ ZHZALO| M| AISH=

o7&

7tM =

&g

O] MAlE L E =2 2E Y

HtO
O -

L|Ct.

Ea
=

SOIM & & A7t AeL =HH2 =

N FXE 2ES AN 7F2l0f

ol

2xe

oo
R}l
mr
Ho

<0
1o

WS0| ASLICE s A7 Ao HEE HE

80

S0 af 2 k7¢

s= B2y

Ht

4

A2 2 LtEtRt gL}

=
[

-
o

sHetE

sid
e

JEfO[Z]0f
ZHA|

LS
— O

Stof O 2 2 (o X =

| =
=

NSRS

b

ud
mr

Hio

<0

oF-

RO

q

Si| A

4

s, 2pof

L

=
—

St=

L

o0

E 2 Y0 MAXLt

7t HA 2] =F0] 7|

e
o

%0

UAgLICL Ol 2X LHE & S=, 0|=2

SO M HA T HS 0l T

gt 2, s el ME7H=0l

2 BHRIS] A2l E

AF L
© =

ZEHHE 242 7t

BB

of

o

4

)
ol

<

UL E.

ZX|(Acoustic Deterrent

Device)/ @3 102y,

ofru

164
4
A

ojn

oyl
oo
<

A

Ul
Of

b=~

<
A

ﬂ
[N
300
oo

uo
10

OlF2 Of

F

rL|Ct ol2{el

b= g

-
o

L Ct.

Ea
=]

ot



Ho

KO

tHFED AL

pnje]
oTT

At S LHE S

Of ALt

0
KO0

jod
o0

VS

I

t

F

O[0f = Ct

~
Ho

JAtEE HE QAN oMo

]

SEIE
S o

Atoleta

=

Zt
4

H

14

Toi!

o
T

Jo!

ojn

18]

4

SHAIZ|0) ZALE T2 S

=0, Hl=

Of QL7 U

Mo 2 ILo= ot E MEIHS

=
T

ILICF.

(]
AY

7

9t Of77 0l = ==0] E

Toi!

]
T

=

—_

e
o
—

AL
:q

old

|
A

= AFRI0| 2H MO 2 Of

<

-
o

a

Xt
=

LICt. O] 2lof S-S E 2K g9l=2 A E

of SAH H8shor &

A
=3

Ly

=

o

Ho

B[

ol

!
4

LICE fEoh A 0|1

HoF et

Pk
SHLYEA Of OX|= &=

M
=

Ho
H=

3

=]
o

oz

L|C}. OFX| 2

M SEAHLE K| ASHSHE 2 Sfjof &t

A
o

i
H0
100
80

o
iy

Ho

St



FH At ST AL

=g

Hio
°
mr
il

25 A

Robbins Island Wind (£

Z M (Orange-bellied parrots)Of| CH

(gg

H

H

I

~ =
T

(o]
[

Ko
oF
kjo
gn

k=1

South Australian Offshore wind Farm (A} 2 @ A E 2| 2| O} 6 4

X Arz| LY

Wooroora Station Wind Farm (S 52 2 E| 0|4

= At

FX)) At ST

= | =
=

Docking Shoal Wind Farm (Centrica At2| 3 HF| &

M E Q| X| X|H| ZH0H 7| (Sandwich tern)Of] CHE*

=13
=

370 & SOIH, 2 /0 A2 WS IR E|QICLE = AR O] F=7t

ci S M MELAX|R B 201712 T 7hH| =0f tigt S0 7| =X &

o
=

ok
LS

|20 SQ10[ LEX]|

Navitus Bay Offshore Wind Park (LtH| 52 H| O] sjj &

CH

=

_ll_
E]

—

4
[\

At

i
Sl

ol 7H

Green Power Investment 7} A| 7}

o

K| RUOLL A B STHY 7L AP K| Dol A S22

tOf=2[ 11 & 0] A

A
()

2 At



o= = .24
YAt MR Sdlo] A2 n, me AIIAARACDI] 24, Aol 3ol 209
Ucth E3H 100MW o]Arel &SAMEFA MU= Zypdog ZQdh olmal mAE
(NSIP)2 F&Eo] 7|&o] Tz FSslor i 248 1437 % X|AHA] 517H8 €¢
sisUC. 12T ol2d /ESe 4 Becel UE syEUd M8

NS Fe BUARRE WeEAEL, oA oA, $A YRR

|> y
N
;0

T T

Aoz AANCR FAste 14GWHRY sid3H S gy

2ol E YRle] a0l B AR T dSUTt 20239 8Yol WHAIA R}
710l AAREUA BAAELE W 5d U AzetA] gom AdEe whdsol
1 HEQUCE olol LAY we xene
olQw s FASat AT glo] AFzo] oj2igo] ¢
2 ogguch Uxlet B 2Al2 wekstr] 9
HEle 28 6YRE MAY Ao, ARIAt
At gUrt o AEo] Ao tha %o o] ozl sAlg, Al ARIA}
L o2 E3f maas 7HHE@ Qds7t B @S Zolwm
o} whe A EA18 4 9lrks Aol &yt
stA 0] Q&Uct 7148 o] &) qw% SRS Y A st
A AN WA e 73%& glo] QIR ofxo] Ao o] b5t B
37 AN &8A0)7] mEPUTt Aat
72 olul ZaHE S o BN sy
OOAts AR, ey, 2] ojig
Axfot 57] BEQU
wejste] @ Jje] ALE oA AAs
3, g0 ateE AEAY 27te YXE = ARYAA =} =gyt
UAE HlStaT} vpze] BE dm old, wE, #AAA 5 melsior & o] o

BT
A, ojo] wef fzsfof stk BA7E eyt E9 20189 A E S AIE

=
o
o "
o
ol
ok
FIF

I

N

)
!
e
o,

o

_'.4



of mep AYHE AT S ofRw mefslof Tyt 2019WHE
20289714 1019] 71710 T3t Aol SPw g, oUAIL TS L 0.22%0] 2
P SFBAAARL AR AAste] S48s FHT Yooz Y

—4
| Y
FAUR oA 2L ohdste] AARet ARt WA FrIMol TARY AR

T8 TRANGAA obx|etol] Adgstildtet o, oot sy &4 He gt
sigESH VAVE JEEHER JAEFES AMol dEShL, ARdAR: E I

.
Jb Al AR AR oieg oflsts Zlo] Wt

Y=olMe dHEEE7MA] & Bl AREAE o|Fefsta qlo,
53] A9 £8 At AARISe] AA S ASHo= 28 4 Qe 237 T
M= BRoA Adste WA A2 7177F WYst Al S gAY A=
g S AEd ¥HEIA 202 83 T AL VIR 7HRIAL, AR
I} 33 AlHEEERYH e ey 28a B TAOAM Y ZAeF o2
87 AAOIEA Ego] hedUH. o] WA SFAIGA AEslof & F8

eSOl Tt YarEsiel wA o Bl B 8ol Azlgyt

PA FAA TEADAN BASA AR, T il §RAM =S FIFTL 9

ol 1 slejol gFFBIIE 271 Fe BPA F 109 BIIFRol AsUt. o)

0§38 5 ANTE Aol o] wet 5 APPR] FAES £U IF

B7be st syt Hoiao F9 syEd by 2 9FL Wk o= U

A ol 1, AR e uuFl ol 24742 olge] Y] mALE AL 9
L B2 4 9lon] A Ao

= .55 dy2E

t AAoPgARgolat AJEIst ol UMAICt T siA HelckE ol SsiAu Aol uf
e & Aoks S0l d&Uch 5 AL AF wsE I WA gyck,
Clpel Aot WAY T Yw, ol2uh s KW sheiold] o Re shyE
A 207t £ Adolle AUk EF PYRSURE FEES, AL, e o
ol gotos TAE 4 AT ofRo|ME shEHe] FAHL YUk S
A3 AARIGSAT SAE AlePAEe] HA) EAldlE ol AAeHAE 27
2



=13
=

wheta], of

PR DA

Ut
EERE

o

to

)

—_—

5 4

1 ZQ olsiEAA

)}
e
olu

&

N

o

o, Afzol o

o



o

T

1A

ofp

99 viehy] e YEA

7t Alx=eh Al o

\

2
R

WA g5A AT AR

< o] 8Py

A} Q3. A By

[e]

2
)
oO]:

o dAME ¥

of w} il ol

=2 AAA

Utk A
A

H

.T_'{_

G
Ko

0

oA sf

i

L sl A

O
=
g dAAgEs =

o}
Ricy

9]
B

%
B eI R

A
=

]
=]
=2

T9jo]
Bl

=
o

1

A2ES A
A& &

9191
_/l\_

M o

Ay
e
o0
10

J))
—

N
‘mo

3 Q87 Tl

7

2

AU

e AeiA

]
[¢]

aE, AAE °

o

=
=

A
~

=]
=

8ol =

=
o

3 AA7 gl of

=
L=

A=

g4d 7=

o

A

o 27 A

ag3 AF

717l 98 ZdAH 7Happropriate assessment)& A A &Y.

AR7} Aol dZsH7] 4

i

oz
—_—

AAE=

A g

=)
=

g

s

OO]—

IgollM F

s

CREEE

=
[¢)
R ES

gyt

gkt v

of A T2

=]
L2

[}
¢}

T

Eg=2o] 3

ygstemat ohe} 9,

1
T—

Ut u
]_

Ao
o™
OO

L
—
3

—_—
N N
NN
zﬁ Nlo
T

o
Xy
<
CERNE
o) ol
T T
T T
Wo &
S
X
Ao
s
s e
Qmm
50 Me
3
.
<2
o
o 7
B o

N
ol e
ol B/
L
X 9
N oH
B
-y
o oR
A=

™
N o
. o
o
T
<1
5% Al
of-
™ wo
—
le)
il Mw
B o
o
) e°
o
——
10 ﬂﬂ
Ll
—
= T
g
NIECR
" X
N R
1v_A| —_
ﬂulL _~\/_O
oF m_mo
my B
P T
™ o
NF oF
N
Y R
W
uy L_.w_u
o
N
-

ol
mr

L,
1o°

ZE

7+ el

[e]

)l Y72k 2000 Aol of

EEL



Ry

2o o2 R}
CREST

3}

[
= X
=2 9J

457
)

43
57}

L
T

gl

=

[0

T

7 BAe)

Pt

H

[

= AlA]

ot

<

a1

=y

ol
B

[®)
10

19
o
ojn
i

iy

fuze)

:ll

A

SEUT. 22 KBV $400] Ho] AAHL

B

i-8-ol=kal

A

ol
!

1
ol

ol
ol
Br
ol

o

Rl

4

ool dAfel A 4%]

A Aol A the] B4

7HA]

2o g3

to A2 4ol

ER
[}

g
X

0|
o

%

=
—.AO

—IA

&

i JEe 2000 A G9EE AASHA

2 AAA &
r

) .

7&} =2

F7rel A

A
o

_]

=

A| A (Potential Biological Removal, PBR) AAt A5 A At o] 7|4 PBRO]
A

o 5 2ot SAet A9 +3 AgEe] PBR ofy

TE Ve o

=
&

)

ol

o %]

T

TR

L
) .

Al

A

grte] 7t

A

A jo] ) AAE
A5 A




O|X| ¢t oj=HloxH o]

#)9] w37}

[ L e A KU

a0
ok
=1

Rl

EEEL

=
=

o

of o



sfeSHLML Y LE Ale| SES It Ciet 3 AD|Lt EER

('24.04, F=FHAAH3] A=)

3 A= Qgsor dth

493 99 mos 29 Aolsh Ak AR AeE
A BARE Wek J3N $9 vk} AU A, 32
asith -2 witkeh NG, 4

E
AN QA EE FRE F+ YE AF BY

4> il

¢

ulﬂ

ol
=2
g
)

o e <
of
oL
m
2
(2o
2 of

o offf ook
o -
°
Y
)
R
9
Ars
N
")
bt

0 0

Al HA 27 G B 7HEIA, Environmental Impact Assessment)s= 31712
LA B2 A AR Ao R 37 AL oAs] ‘AT

(o]
o

vl A @A ek A EAE A4A EokollA | HEe sta od H<

AE7R 53 H-5 ZedA ojd Adge dta evR




.
<t i
= —
S & _ 2 oF
i
— =z 40 0 WA
s T 0k © 0
i . e M
0 =™ e X
F & ® @ R0
@ ®
®

@




‘TIhM ZHY Tlo|Eatel Ry :

o HAEHCAARE ZI) L WH(23.12.) _7I0|E2IQ! (ver. 2)

BB M JH0IS21R!

B0k s BTH

312, | 2.048

SHA ARKA UTHLLEATION IMBACT
GEFSHURE WIND FOWER

"
]
=
&

silArEE slio0IS et
T 2 FHOIERIR!

ELEEOT

st (0
2
B
4

Q BfOpAANE  IOTOMESERA CRE SuDiE) BRaS A S HRsn
. TEL D44-200-5861  FAX D44-5A1-9a71  www.mol.gokr

"WIb Ry stoj=atel 4 |

SHArES Floi0IRUEE)} =Q T 82 |

N e S EEEN Mg Mgl cZmess SN SRR
LLE IS BT Ay WEEA ALRT BN FBE




3= EIC= ZAAD HID
a=22aE - FA 12EE - HEE 13 - EARYY L UET E8
ssZans
- U TR R0 ZTHX| Z3ot SHHSHS TRABI0] TARII FAME M
v ol st H
IV LT
= EIYETE TIA| 2t g2 U
" S8 Net 0I5 =ETHS - BX, BEY, OBS, ZOAY, Y=L
C BT HAOIB 0120 44 25 m o ’ - TAIZO) CHEH 242 S5 Al
SRS ool 22 H-1E, ool o S ——
AR B-E ME2 ZTAE . P°*I|¥1 B0 OIS 0|E 28IXA ZpE KIS % R SHSE0l CHEH HHAYEN
ZAIGH SXIZ=AL 2102t HIWGHH Bigtete 3 eM 240 22st
s'_/\—c
* B= Net OIS0 =AY — - NIOZ Q1B HEHHIS ZE XIZ
SsZags (2760 om, L= 200 m) . TARZIE S HE 0125101 ALKIS| HIAIR
- HEZ 97 2/3 2001 R 22 . SHZ 222 2 TANE U2 HAR o

off & A Eff Al 6

. BEEEER

IV

o ol HADIE  THIENMASE & =5
o oHH AAEDIE - HENASEE, dlis L HUAESHS
o« 2HH  HEXNASS(HA, ) 2 olE=
Y RARKIE 2 EARA|T]
° 6|-[:H O=|/\-| | |
a= ZAFXIE ZEAFAD| gl
UEkss - 24212838 c HEZE 13 o OHE 304 O|&H Iat
PSR .z 15 . CHET 104 Ol4t &t

« OHMSEAES : =410 m OILH,
Z 50 m H=XZAt

H

m
1

18]
c HMSAES - AH0IE 2N LU« HHSLES : SAIE 13

on

- #%% : SCUBA diving = ROV 58 55101 585 S5 2 MABSMASY, B2Apix) 2 U Tfof
« ot 2401&

al= ZAKIE ZAFAD HI2

UENASS .

- 22 7THE - HEE 13 . CHE 204 014 =&t

ol

. 54 TEE . HEE 13 - CHET 20H Ol& =&t
HADSME | L Eor - 302 47| ol . S TIOIAEIO] - DAL {5 . SHMYAES 1 24110 m OILH,
HAZAES : A0l ZLA LY HAHHAES © AN 13 =50 m MATAL

A

- ZAfB1e] ZA7 1K BRal A4 THRt (4, 5, 5f) 2 R M SRS 1 '




& Ef A

EA
2. KA HMERA

o0

5

= ol

ZAFADI

ESNINS|

or

00

+ CHEF 20 04+ &t

oy

il
Rl

R0
RO

"

tiEAE=

x5
TT

- A L A0}

-
IS

20 m R LHOYl 712k 17K

o
=
OFH SAHS 5
HAES M= MAI0| 2RIE A2, FX &10| 7ks
== [=)

AT FHo= &

=5
=

- NEEIE 5

EEE )

IS IR M

35

o104 §

11
00
__o___.___
ok

KA

1
5
0o
ofll

KAl 2

At

or

00

* 0IE X ==& 10m OILHS

HE2l HiENASS

0

* OHASHE

AATI(E 50 m)
s HEEN 0.2m I} EIES AA|

HEHASE

i
=
UH
A0
R
(=}
100
30
io)
oJ
I
0l
& o
< o
M)
K
ol
- X0
<0 o0
o0 oy
.A_h BJ
=< R’
nJ
M [
=
ol
=
o
£
&)
<0
+
X o
ERS)
R0 Hr
=
o <
~ X
nk
K

=
o

« YEA(50 cm x 50 cm)

w0

I

4 Ef Al

2. MM SE{A

E

o0

s

Kl

X0
oy

g

o

K

1
o
00
il

HIAl 2

ar

00

HE2l HEMASS,

3

. HASEE

UEHMSE

Rr

It
=
o
A0
Hr
=)
100
80
i0)
ol
|0
o]
&1 0o
< o
)
)
)l
ar
™ 2
<0 o0
o0 ™
I B
R4
K
1L
]l -
=<
oL
= <0
yr 8
¥ =
W &
73
S M
1O -
I
o 00
<
Tt =
ﬁm )
0 W
Ko <r
X
O
0
1
1
o0

1l
o
oo
Il

KAl 2

10

3

ar

00

il HHEMASS,

s

* A SEER

u
=
UH
0
=0
i0f0 80
E ol
5k
Uk o
Ki 2
) L.Al
M)
0
=
X0
0
all
T =
T8
LG
K{ B
KO &r
K A
- o
KD -
H =<
K0 \UDM
IF
5 o
b =
4y W
<
oI
S oy
S 0
H mg_
RO RO
L
H <k
K=
Ao
i
W
< K
= =
ao 1o
=

0]
al




Al
L

=4 30m O/

2. MM -EfA

10

EH A

SE{A

=0
80

KEXIO]

L
nJ

F I ETE IO

=[]

ZAFADI

ESNUNS]

or
00

o]

il
KU

RIAZDE FIAI

(=]

A

EAIZHESOII A2t 21 B, MO

=

o7 &

b

p)

=]

L=X

Fed - ZEALOM] A

o

- 012 2 44K

EI
o0

__o______
oK

KA

1
o
oo
ol

HIAl 2

oir
100

100
ol
I
H

X0
ur

| MIAIE

[¢}

=GR

C-HEO

JEXT HIA]

KH
e
i
JUJ
=

=
=)

t

[z

* DNA




I

i = ‘ DNA 53 L4 a5 s ORANE
fospo] zajonj2 PCR =5 9 DB
; VS
b PCR amy | | BJE 523
- FLrTTED zu=s
— — : OE | e B| [ Agoment ) (- 24 mAZ
: t T 165 £ ONA — " ga
0% e B co 8 con g 3 ’ —>| lanon st oo ¥ Analyzer  [—>| geneious — HE2 KA
. 2 = Plavmbs (1996 (Applied o
Biosystems)
e Sanger sequencing Next genaration sequencing BLAST' Il =[G ]
CHEEE Y 1xk:COl MiSeq AN
CECTTY] :an ouT 3y : chm (2x300bp; S
o wwos ’ ’g g [P llumina) = OTU & i
‘ mnt
5 ot l T "
Iﬂ.ﬂ..f mame) () | e
] — ) ﬁ %
™ I
Morplmology Migralory Migriory | Nonomigralory | Bonamigtutory . l\nn miztHney r v/ lI \
Jeon st sl 2013
I SV (RN | —— T [ FE—| | P— N  Mothur MiSeq SO, Kozich et al. (2013); , Fish COI reference library(252-368bp, 75,810 COI sequences, KIOST, 2019)
My o1 o) 1.'N~'MJ (N3 My
X sy DNA hurcode P—— i
morphological characters l"
on the field .
Larval yolk sae Clasagidie K et // | \ |
ﬂlln;sumplu BB smnmnmumm I
> DNA extraction and amplification s At
Preflesion Servasclnns sp- o8 deranadi Photograph of COl region - S-qn-nclug LR
wlm
| Detection of conflicts between o '
Flexion Apirrbodon k. At BN ”,::,;";';i,‘;ﬁr(.;" 9 and smk":e" e . mmi:;ww
At bootubapmicy win
/ S| | e | | R
Postliaiin =iy A e " ’“‘*‘"“"" inthefield || and genetically » 2smo!aculavlme;ge';‘ B e
Morphological ID L W T o0 k2007
Prcticxion 3. A dffifife u;"‘::":'.f:m New species Cryptic diversity ~ Species paraphyly
B 5,,/-“/:1; h
12
A =2 [i[s] = =
* TS EEHTF, ol EHTr, A=
Y ZARH| U FA|T|
5= ZTAFEES)| TAFADI
_ « HASE AKGRIFE ZEE 2212 ZHESRH bkm . L=
Telami=1=] o < I 434
Ol&t
Y ZAF U 2 dp
—LA X 20 oHd
&= ZAHEH KAl 224y
- 18] ZAHAl ZAFPS FHIDR S| 2|4 I I
- - « SAtY 2HA| LHASOZ Q15
70%014¢ HIES TEGIES 2= o . oo
_ _ _ » BURE XS MAIAAEG K= 28 NIRRT S0l CHEH Mot
o M8 E= S 2D|E ARZ0HH SARE
o C o +2
sgmes £ gaEy
CEHE ZA - T2 28 Al S28 2200| A HUS AR
«EE2 1S 50 ~70 m, Fthlet Z=E H=HOIA =222 BHGIH EF
. DITAEHDH 22 HIZ2 32 2 [ ZAFSHK & 24(Beaufort sea state 3015}
- S EAIE MALIEN AL K1), 312 TAHzmsLﬂ) HE
- 45 SHUTAIS B8 40| SHSH [YSYS) 1
/f'ﬁ ¥




» Beaufort sea state

[ofg & a=]
A i #31 fem)
0 D8 (HEAH), Calm (Glassy) ]
1 HE (233, Calm (Rippled) 0=~ 61
2 E# g, Smooth sea 01 ~ 05
3 o} ofg i, Slight sea 05 ~ 125
4 24 g, Moderate sea 1.5 =25
5 #31 uh], Rough sea 25 - 4
& of A2 ule, Very rough sea f ~ &
7 4%, High sea §im B
& 5%, Very high s 9 ~14
L 4§ %44, Phenomenal 14

band C T

— 500~1000m
E7E07 4 opa s2H ) A
| SRR o b Wi

2 89 ] Bt G. ptewara 11 76
| WE210 btinceus (1778 | . Ieuomelt
| BERRET an T e ",- 500m
| RN srmer a1 ) | SR

| e et A

Tt
T
012§ 04 ovrovegur 11T

|3 | sue
| WENFICLE n marmprreems 27467 ELE

e (708
& et 1)

E s
e
=g EEAo )
82 SR cuiorss 110
B2 ¢ b (114
Tl s it
-

YLD 2 Ym0

| Bl nossenia s
| SENEONS & N dspascancsss G0t H)
| RRSRAE st AR

b

20213 ZAL HAE HIRMN BEEST B2 o

4 band B z
& 200~500m
s
nz_._:‘f'\!“ v band A -
o HI 0~200m
S b X EEEIGY ~ s

=

* snapshot
S AR pgi,“
(next)

SHE MY ST AN ZAP Y A=

ZAFADI

3 13/4




g o2

OB

ol Sk H}itH
=0 oHd

o
TAb HIAl 2 a2 U1
. AIXIPE HAIO2 BIEITA} « AKEXITO| X2 E AL, UE B
S BiOL BAL S SBFAL R 15/ ZUE T T Y AR HA . ZAIKICILY MAIZRO| AJZ2IE 212
- BHOH A Y BFH OIS DHELls . 95Z0| 85} 2T RIA TLSI0] S XI2io) BRE =4 %
TOHHO| AR, SBEAINA - SEE, BAIE U HHESEO| AJZ2 Al AAIX| THet
BSOSl =Q NHS JAICZ BREAL & 2T} LI HA|
= sie * TAKIGU MAIERO AR 22X
- NS FE E WS, 2E s T AN ;'i.fquOL = =
SEEAS B AN o olmgpers ZUE & B9 AR RIA ool e as 52 (ﬂ:woi
P ESTAS B MEI 7 X OSUNE | oinmmaa £ AOICIZAE Soj0r | oo o SIBE SEHAR
0IZ2dk= S0l et AXIFHEEIAL L S TS STEl= ARIE Hiero2 X el 98t X2 &g
201G ZA AIA| =5 o@?u; 2z acg maxalr * SAZEAL BEEA O|2iE X2
iy o SPH0RE WA S)2 EJBPO# Hust

/\I SAI pel=]

+ AR & OI2ESL e AT
i, B « HISHAH EIEHHAIR|C| S8t 2 J|1=256
SEORH(EX $) BED|= - EAISLS BEATS B W, | DM & i S}'JAH jHI“?(')“ 5 L?L
CHEEA Y POISEDSHNIE 0188 =X & 24E AT SO 22 AIA fg;;; mer - =
DPDI= AR 22 cooss =SRNE IR TUHE Y o oS M
s « AIRIXI0] OB RO BISHASl ZEt
- HIAD| ORIBIZO| B E(EME,  XIR ST gime mel
HICKIQ2IR)Sl 0FF TAIAl HES 22
- NIRIXIT & QDS ERITIE RE - AIRKIKIT L IDFHE0) SEE MR - AKX SEEH= HR2EE)
PEPSE| B8 U NATE S5Z0| Z4 M4, 2E #2 A HZTHE L =X

oo
i

g

[

BN ZALAP|
- SHAES Al 72, S8 2 T2IR - ASIR S ZO5H0) BBt ATl Xoe
TR IY * S EIAD)
« M3, 5O A0 L 2= o Oll CH8H A AA|
0| St "I
=oc oHd
HIAI 2= Ui

0
W >
114
pa
12
o
i
e
ot
1o
»
o
i
==
)=
Fil
o
2
Ju
i\
paal
>
11
0
Hi
o
a
z
(11
02
oo
>
12
=
IS}
=
08
0o
=2
I
|
U
o
00




ST UIZI] | HOME | SITEMAP
XIBiALRS

R LERLE
J

LERELE

£
2 vl @
Hooray

Uiz

HEEsauy

HEEsUas

20193

202084 20219

61,424

81,283

O HiCtoe

FrkER0RY

OfENHFAOLE LG

SRuICH

s L

ol FHEHA| Z=AL H 7t 7101=2421

alarEE slioloISuarEt

DOW-CO0I )

St =& JIE !

202312, | 2.0 E

Q) siuann

‘;a BTST

SHAIZ Ry
HAZALET} RS

2021. 6.

KotEm
fUBATS

KEI? sup




36480

1} 15 3l kim
| |
124718907 1350 1'3 g
eI CE:EHEELEED W HgETe At E
<E. 2:};?;31 why | | == M = g8 O 2AEs o SR =
iy DS MMgmS - HMARSEIS o SUSSUENAK W aoes
w5 ey ene EMEus 4 ggfé;ﬁ LE = oz
HE A 0| M| T5km) e _of - Es B st
o ﬂ g o CauxEmALE  C uiTl = I:gg A
— o -7 5 52 s oeem — WEREE A = e
44 70m 5 s EIRE = :Eifm T REAHEHS
- SHEA

MM ESE

1%t 20224 08 - 098
2%t 2022 1€ - 12¢
3%t 20234 03€
4%t 20234 058

&
S

(

arwmv

/0.2m2)

80

70

60

50

40

30

20

10

Gravel

§ [ ]
28 ®
®
Very | Coarse Medium| Fine | Very
coarse ine
Sand

Coarse Medium ~ Fine

Very
Fine

Silt

125°240°

Clay

AMAL & (HA/m?)

I, \\
7000 Il \
o @® !
\
AN [} ’
AN 4
3500 S - @
2000

1000

fery | Coarse Medium

=

S

1247180

—
o8t o
014 2 AL Al 7 |
er
HEL OL2A275km)
as
Sltio) g
44130m

2 | — 241 60m
24 70m

120°50°0°

Dol B
2| Ab~

A <t

Aonides oxycephala
A= UK HOIF

Fre [[¥ey

Silt  Clay

M AL

=l

—

H=2

A A 2 gwwt/m?)

ok
2 E

500
400

300
200

100

50

off

M
HeEg

Gravel

L= U K| HO|F (A oxycephala)= 122!
A0 =2 MAREE
THUTHM S SH Ol =2 U= E

HAE 2

~,
™. Anadara broughtonii

4
II () \ ExE
\ /
ea®
==---0 Hormathiidae spp.
TLOEF
9.. @ 2022/08
& @ 2022/11
- © 2023/03
é ' @ 2023/05
o
{ o
o
coute sand e silt  Clay

A

t &S

Ol A

29
FAOFZ




%5 _m_m M.m
= T Ll :
KO N i B
A L .__AAl._ 311 F
1% < - N 8
= Q H
T K- TR TN
. 20 H " E
i s Mop 18
w, ) Bl s el mlJ £z
Y + .._AI._ x:.: m Gravel
= o Ko nj) =
_ (TR Ew
— . 3 * — e O_I ﬂA.O oF O_I = OW
5 2 ™ O FO  ® 30 oF RO o R
Kk 5 m ke . =r & I 0w | Y
o il <~ I 8= T tmERE 5 v
N . = I s |- & S RN Uw =W i
=) = ] oF N H
q = i T Sw cie | W
Lo || | ! oo of =TT My
< e = al ke T TT ;W i
3 3 o HKE s
70 70
o o .
70
m
i
e - —
KD
ol S
m LHo HOE 3
i - g =
& — — RTH c
oS o Ho 2
160 K- 77 o =
= < I _— o © =
= —— — = " -0 Ohu > o @ M
L._ﬁll iR Ly £ — J[M KO < Ho 1T = T <=
7o) Al Lo 4§ oy A I =L T S = S o
~ . b 3=t A ° m g o|_ .|__.O_.O {0 N X = I~ % P
ﬂ A * B e a prd} ar H K ||_AI U S
@ = i " 10 OF = B X OEJEE E W
N . s o L |4 10 Mo w0 kA 2
. - : oo BRF 2 ® T zogdiy
Ofu — :| | il : i T ool KR 8
Lo : ol tf T o w9 5K -, Wo X0 B0 K L2
LHo 7] -9 K 2 5
e . — [ I 5 4 W = a1 0 i 00 of L{ mg ©
IA NoE'LE Ne6"9€ IA NoE'LE No6'9E i ul |__AI_I o ID| Ilqu ﬂo Dl_ )
= g K X0 H ol = o Ko = = T o
100 ) X ORr EO Ir E_._ KE ™ _.A_ " _|__ A_n
= o MW W 0
gl ]

TR

B HMEE A=

x 7|

L

S kel
==

*E




o -I -I = —-t Xl E M
I:H o ISEA o=0LHdH 3o
S e ——— geuoure
= 4] 10m ojet 2419~21m 241 10~67m
= Sand(%) 982410 206114 9054142 E
81| mzuzph) 2104 2108 19409 R g
& . 2asEh 06+0.1 10+06 09+06 / a2
Bl ey | LAXYOIF LEUX|YO|IF
(Siligqua pulchels, 41.1 %) (Aonides oxycephals, 545 %) (Aonides oxycephala, 155 %)
s YEATIFOIS SASR AR EEee
(] (Magelona spp., 320 %) (Urothoe spp., 39%) (Spiophanes bombyx 7.0 %)
UERNRF UEAMSF DR OX|RMRAES
(Mandibulophoxus spp., 7.5 %) (Mandiibulophoxus spp., 29 %) (Urothoe spp., 52 %)
N al i ~n e —
MR 1, P -
4 %31_» =
£ 3 4 o K\
E + v '
5 E .
‘;:é z + G g&
o N )
. ?‘i ‘ =
8 2 \ 8
E " i i
.g -3 C E
- -

100

80
60

B8Pl

pSa
N o osowoN e

w L
20 ofs | | —IA
0 ° = |B

1 B ic A —Ic

1949000 E 13z0nAIAANE

g|xsAe N0l 37| fEoz

BECER|4vt ROt BE §

AL
® _I_ADII

(A=)

ol X Oom O]
[ 90% O] &t
e
HPHE
~21m
90% Ol &t
7 o3
Xel™ =g 0 =4 10~67m
Ic E[XN 2td . Zefetd 90% Of &
A HEf
_Ctzg oF
Biota key - Yoot 28

Anelida-Polychaeta Arthropoda-Amphipoda Mollusca-Bivalvia

. Mandibulophoxus spp. Siliqua pulchella
Aonides oxycephala (™
@2 AR ) AEENER) s, EICHCEDY

Urothoe spp.
DX G RAER . S o =
(EATRIMPAES CEM ey S dEY

9 Spiophanes bombyx oy —
E (BRI Fo)) Mot WotoflE
Magel X x (= X=4
&L ATIE0! Ry 7| EAE 28




( N )
oo s o HOLME|AH| XI& 37} =t
; | - eersenz A mzan
2
- 2021~2022'4, 137 BH
detEo| 2 EXEE 1te
, 7 ga@r 27h
8
B 4
: -9z SZEAIN MU
-Ean SYRM SEF
o3 =
77 Jl m ool =2
,,,,, L : 2170 E/HEHEEE ofH
124°00°00°€ 125%0000°€ 126'00'00"€
Extremely poorly Extremely poorly Extremely poorly
w22 N: 84 e==22 N2 56 e==2% N:140
Very poorly Very poorly Very poorly
e xtes) (ates)
Poorly Poorly Poorly
sorted sorted sorted
(BHE3) (=yEa) (2EE2)
Maderately Moderately Moderately
sorted sorted sorted
(B2E3) (B2E3) BUEZ)
Moderately well Moderately well Moderately well
sorted sorted
(B22sE3) (B2ys23)
Well I Well "
CH <ol HOHYERA A o
e o e FHASSH <+ COHHERA|)
77777 . @ | Very Coarse Medum Fine Very | Coarse Medium Fine = Very @ | Very CoarseMedium Fine | Very 'Coarse Medium Fine = Very =REstl @ | Very Coarse Medum Fine | Very | Coarse Medium Fine = Very
o Coarse Fine Fine o Coarse Fine Fine o Coarse Fine Fine o
:‘i’ sand silt Clay i sand silt Clay :‘1' sand silt Clay .t '
StF2Z4 M A 26
HEZ8 dE
N ™ » ( )
£ S 27800 | wegy | 2= NESEKEERE
H1 5 (%)
Lt & A =24 X| 0| F(Aonides oxycephals) 26.4 ey - MRS 1.0% 0|+t
ce g 12|H SZHX| HO|(Heteromastus filiformis) 36 47.9 23 - E%HIE: 250% O| A
chzte LK G ALZEE (Urothoe spp) 24 486 - -3 128 M4
e 24 X| 8 O|(Paralacydonia paradoxa) 23 479 - (CI2 & 9F, CHzt= 3%
Cte & U AHZHX| 0| (Spiophanes bombyx) 2.1 314 2 XA
=0 =
ch2t2 OFH H ML F(Ampelisca spp.) 2.1 507 - F2 3 MHE
Ct2& 7t=H =4 X| HO|(Notomastus latericeus) 16 336 - - OISt E|X 31 40| CHet =
Ct2 & A= 74 X| H O| J(Prionospio paradisea) 12 50.0 - MA Q| HE =
e H S 24 X| 0| F(Medliomastus californiensis) 12 329 - -9 Z7HE 2 ok 1
Ct2& [ UX|FO|(Amaeana occidentalis) 1.1 27.1 - EWELPS
- o o - O
HUILA| 28 X| 0| Z (Aricidea (Acmira)
C = = RA'S -
LR assimilk) 10 300 CIRE 3E, 22 15)
AR & HM - F(Mandibulophoxus spp.) 1.0 35.7 =N

=4

(Aonides

o|=
hala)

BE=2R
(Spiophanes

9 &
UEAMRF

(Mandibulophoxus spp.)




A2 X| 0| F (Aonides oxycephala)

T 2| EZHX| HO|(Heteromastus filiformis)

® Original Data ® Original Data { N\
L Fitted Curve 10 [eseee Fitted Curve ,_. u H F H
EA—.! oHd
08 ael Wl 08
b - SDM(Species Distribution
L] .
20 % . Modeling) AHE
— N
Fos o -3 EURF0 12 B
02 02 oo oo = %6.-_ é!’% 0(0%)"’1 (1 00%)
-
=
o W &4 o -S43 2
CVery ‘ Coarse | Medium ‘ Fine | VeryFine| Coarse | Medium % C\;:ze ‘ Coarse | Medium ‘ Fine | VeryFine| Coarse | Medium % (I:l-E_IEI_ 3_705, EI_|-7_||'_|§|_ 1%)
oarse
Sand Silt Sand Silt
EH X5
. o ot [}
QA B X| H 0| (Spiophanes bombyx) UE R M F(Mandibulophoxus spp.) o= =0=
@ Original Data @ Original Data
w0 Fitted Curve 10 - Fitted Curve - E|X S1Z40)| Chst Chtst
=t
= o =1
08 08 o A-IA_l l:Iél-l_l—l KO-{E %l-ol_l
o =x=3jo.
- 0 - 2P 52 E¥eE g9
Z’OE Z
- AX o7, RL=UX|
804 04 HH o
HOo|F, (=M=
02 02
[el-%1K=]
. - NEE =2 E0E
00 o NS eme e o @Ey 0000 00 ® 0n Useens o G- 0060
T2l E HXHO|
Very ‘ Coarse | Medium ‘ Fine | VeryFine| Coarse | Medium |%1 Very | Coarse | Medium | Fine | VeryFine | Coarse | Medium [z} —
Coarse i Coarse o
Sand Silt Sand Silt
324 M AE .
- O O 1O
4 =0 = -IAlleol _I-OI- O3l 0O = HII O
y (2) 1 = MABFR O 4 rdd Fe T 2x HeY
;
o o
] ®ge 10.0% of4t
274 X| 0| F (Aonides oxycephala) 2| HE 8 X| 0| (Heteromastus filiformis)
Extremely poorlz Extremely po):rl(sj/ _T'_ EI H_I %Zﬂ xl Eo-l o I
sorte sorte
(B228E3) (H=EEES)
I Vi |
b= 01 02 00 P e 25.4 24.4 109 .22 a
(SEgE3) (2EEI)
Poorl Poorl
orted 29.9 37.6 sorted 87 54 61 51 74 01 S MEAZREAE
(E223) (z2Es
Moderately Moderately
sorted 0.0 0.0 sorted 03
(BLES) (BLES) 7' ™ m o=
Moderalel\l/’;/“/:g 02 Moderale:):/::(ljl {(l=5 AH T
(Eu2s=23) =) (s222=3)
Well Well = (0] ol — I
i 16.6] 0.0 srted -SUY=EE
(EEE3) (E¥2E3)
v ] v Il =
" coted 0.0 eorted - SEALMEAL
Sys=3) (=22E2)
. @ | Very Coarse Medium Fine | Very Coarse Medium Fine = Very @ | Very Coarse Medium Fine | Very Coarse Medium Fine = Very
o Coarse Fine ) Fine o Coarse Fine ) Fine
i Sand Silt Clay i Sand Silt Clay oé'%;tlxl Ec'!ol'lgr,
. o o|od 24
A2 X| Y 0| (Spiophanes bombyx) UNE S MR (Mandibulophoxus spp.) A= HX[HO|
Extremely poorly Extremely poorly "
@=aies) e - BEEE
Very poorly Very poorly L
12:;‘)&;‘; 3151 14 (E:;‘;; 0:31 0:2| 101 - %EOI:N Oolig_i_a-
Poorly Poorly
sorted 10414 24 sorted 06 0.7 46 31 02
(B2E3) (EBE3)
| Moderatel XNsHA o
o 10 87160 e 112 15 E|XstE fd0
s2=3) E2EE)
d | Il Moderately well —
R 15.6 104 P e 32,5 26.4 2} S S Ho
(BAYSEZ) (BLysEI) |
Well Well
sorted 7.6 45 sorted 4.5 || 7.3 n*l x=-| _ﬁ_ _% ;?_I.ol
SSEI) 4 L2EI)
‘vEry well Very well
sorted 1.4 J15.6 sortec: 354 1355 El-o F'é'l-
SgsE3) (2us=z
L @ | Very Coarse Medlm Fine | Very Coarse Medium Fine = Very @ | Very Coarse Medium Fine | Very Coarse Medium' Fine = Very oo
@ Coarse Fine Fine o Coarse Fine ) Fine _d
s Sand Silt Clay s Sand Silt Clay <




S$AMAE s

Q19)3el &
HEN TS

Extremely poorly
sorted
(E2E2ED)
Very poorly
sorted

==y=2

Poorly
sorted
o) CHArSH S

Moderately pik=1=]
sorted EAR

(B2=E3)

Moderately well
sorted
(BAYSES)
Well

sorted
(2S=E3)

Very well
sorted
(BLsE3)

UEIMNSF
(Mandibulophoxus spp.

Very Coarse Medium Fine | Very |Coarse Medium Fine | Very
Coarse Fine Fine

Sand Silt Clay

ELI)




Case study: eDNA

Photo: Karoline Rivero Bernacki, Equinor

Piloting and Validating Mapping and Monitoring Technologies for Pelagic Fish Biodiversity

in Floating Offshore Wind Farms

Kari Mette Murvoll

Becoming an energy major in offshore wind

US EAST COAST

Empire Wind |
816 MW
Empire Wind
111260 MW

US West coast: /

Future growth
Floating wind opportunities ™,

BALTIC SEA

equinor

Baltyk LIl Poland
(with Polenergia)
~25GW

Arkona, Germany
(with RWE)
385 MW

(with OMV, Idemitsu, etc.)
88 MW

NORTH SEA

Dogger Bank Sheringham Shoal
(with SSE, Eni) (with UKGI, Equitix)
36GW 317 MW

Hywind Tampen - Floating| | Dudgeon

(with Masdar, CR Power)
402 MW

UK Extensions
720 MW

Hywind Scotland - Floating|
(with Masdar)
30MW

Asia: Future growth
China, Japan, South Korea, Vietnam

“ South Korea

Donghae - Floating
(with KNOC, EWP)
~200 MW

Bandibuli
~800 MW

[ ] Pipeline

[ In construction
[ Producing




equinor *

Equinor Sustainability Research Portfolio focused on Offshore Wind

Improved
understanding of bird

Reducing consenting
risk related to
underwater noise
of offshore wind

Offshore wind farms
and the marine
environment - impact
and dependencies

displacement and
collision risk for
offshore wind farms farms

Solutions for offshore
wind to support the
biodiversity net-
positive approach

Solutions for circular

Offsnojsiwindiform offshore wind farms to

coexistence and just
transition

‘¥

conserve natural

dIgitIzecP data and
resources

Ecosystem impact and risk

Sustainability data 4%
quantification and
analysis

Ny
Coexistence %% Circularity &7

Pictures: Equinor media bank
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Technology development - Fish Biodiversity Mapping and Monitoring

Environmental DNA (eDNA)

- eDNA is genetic material shed by organisms into the
environment including extracellular DNA, whole cells
and even complete organisms. eDNA can be
collected from environmental samples such as
marine sediments, water, ice, soil and air

Tissue Skin and

% scales

Ly
Microbial -.----==="
cells ‘
v
Metabolic
waste

qPCR * * ggg M|F|sh

I
e iyt

+ Metabarcoding is a molecular biology technique

that involves the amplification and sequencing of
DNA markers in environmental samples, enabling
the identification and characterization of
biodiversity within these samples.

125 rDNA

S
o\ A
ggg ey Felreer »gﬁig' '

18S rDNA
e —
Earth Microbiome

Chavez et al, 2021

Open




eDNA pilot study in Hywind Scotland = Summer 2021

+ Water sampling performed 10 August 2021

g

equinor %

+ Purpose: to help maturing the eDNA technology in marine waters and to map pelagic fish species in the farm area

+ Using traditional methods (pelagic trawling) are difficult in floating offshore wind farms

- eDNAis a non-destructive technology

+ Knowledge about biodiversity in areas Equinor operates is crucial

N\

e

T

eDNA pilot study in Hywind Scotland — Summer 2021, cont.

e

equinor %

Water sampling with Niskin
bottles using crane and winch

Simple lab in a 10 ft container
for filtration of water samples

Photo credit: Jessica Ray @
Norce Research

Cleaning procedures to avoid
contamination necessary




eDNA pilot study in Hywind Scotland — Summer 2021,

Photo credit: Tom Kleindinst @
‘Woods Hole Oceanographic
Institution

14

equinor

cont.

Table 2. Primers and probes used in the study. References for all primer and probe sequentes can
be found in Section 2.4 and 2.5 of the Materials & Methods.

eDNA analysis is dependent on

Oligo name 5'-3' DNA sequence Finalcone.  Funetion

* Markers
ddPCR Scomber scombrus (Atlantic mackerel) .

L]
Scosco_CYBF14517 TTCCCTGCTTGETCTCTGTT 400 nM forward primer. P rl m e r S
50 CYBR14597 GGCGACTGAGTT( TGCTG i H 1

cosco_CYBR1459] ACTGAGTTGAA’ 800 nM reverse primer ° Reference ||brOr|eS from the
Scosco_CYBP14541*  TTCCCAAATCCTCACAGGACTATTC 200 nM probe . .
4dPCR Clugea harengus (Aiantic herring) environmental region and
Cluhar_CYBF14928 CCCATTTGTGATTGCAGGGG 200nM forward primer H H H
Cluhar_CYBR15013 CTGAGTTAAGTCCTGCCGGG 1000 nM reverse primer toxonomlc group In q ueStlon
Cluhar_CYBP14949*  TACTATTCTCCACCTTCTGITCCTC 200 nM probe
‘Metabarcoding 18S (V1-V2) ribosomal RNA gene 1
, eDNA analysed according to

S5U_Foamod GCTTGWCTCAAAGATTAAGCC 240 nM forward primer
SSU_R22 CCTGCTGCCTTCCTTRGA 240 nM reverse primer two different GpprOGC h es:
Metabarcoding MiFish . ]

L]
Mifish-U-F GTCGGTAAAACTCGTGCCAGC 300 ni forward primer MetObOrCOdlng (MIF|Sh/l8S)
MiFish-U-R CATAGTGGGGTATCTAATCCCAGTTTG 300 nM reverse primer

* ddPCR (semi-quantitative)

* ddPCR probes were modified at the 5'-end with the 6-FAM fluorophore and at the 3end with the 8HQ1 fluorescence

quencher

Open

L Le
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Results: diversity (species composition) and relative abundance (MiFish)

100 %

90 %

B0 %

10%

60 %

50%

40 %

30 %

20%

| Others

® Blue ling

® Garfish

= Thickback sale

W Streaked gurnard
B Sand goby

—_—
® Goldsinny wrasse
| Cod
B Lesser sand eel
| Whiting
® Lemon sole
-

Ref

Pouting
= Haddock

= Atlantic herring

- = Sprat

= Atlantic mackerel

Figure 12. Comparison of relative abundance of the 15 species with highest number of identified
sequences in the MiFish dataset at 10 and 50 m depth, and between wind farm and reference area.

26 fish species detected

Compared to the reference areaq, the
wind farm area had higher
abundances of sprat and herring

The method is able to detect
differences in relative abundance at
the time of sampling

Note: this is no exact estimation of biomass. The results
cover the species identified and their relative abundance
(from the strength of signals/number of sequences read)

dpen
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Results: diversity (species composition) and relative abundance (MiFish), cont.

Table 3. Absolute abundance of sequence reads for the top fish species as identified by the MitoFish
database from the MiFish dataset, by depth including both farm and reference area.

Pelagic mackerel, sprat and
atlantic herring were more

common in the 10 m samples

Species 10m 50m Species 10m 50m
Atlantic mackerel® 873134 51575 y g 418@
Sprat* 380811 224977 Grey gurnard 6 34248
Atlantic herring* 284788 251808 Thickback sole 2046 20545
Haddock 13559 211917 Garfish* 19763 1873
Pouting 16297 135808 Blue ling 1015 13861
Lemon sole 21993 126746 Plaice 5 2337
Whiting 16232 123812 Lumpsucker 1 8252
Lesser sand eel 53266 77677 Fourheard rockling 7662 1

9786 53000 | Others 8416 19524
Goldsinny wrasse 9374 50638

than at 50 m

Demersal fish species like cod,
sand goby and plaice were
more common in 50 m samples
than at 10 m

Promising results for the
suitability of the technology

L Le

equinor *-

Results: quantification of mackerel and herring (absolute) abundance (ddPCR)

1000

gene copies L™
-
2
=

100

HyS

Area

y
Ref

Area

B s
B Ref

| Atlantic herring

10004

3004

gene copies L

1004

Area

B s
B Ref

Mackerel abundance seemed
to be similar between wind
farm and reference areaq,
while Atlantic herring — at the
time of sampling - was more
abundant in the farm area”®

* Corresponds with MiFish results

Note: this is no exact estimation of biomass. The
results quantifies abundance from the strength
of signals/number of copies DNA pr liter)
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Results: quantification of mackerel and herring (absolute) abundance (ddPCR), cont.

| Atlantic herring | Eor mockerel, therg was a

significant depth difference (for
R o HyS Ref abundance) within the farm area
10004 " (lO mvs 50 m)

The difference was not significant
in the reference area

1000 <

- Ty
g P , ‘ Depth (m)
_g D;D":ﬂ(m) '§ » - ‘
g 3004 S 001 8 s For herring, the data also
% i g indicates that there was more
herring at 10 m depth than at 50
. m depth (especially in the
] ' reference area)
1004 . - -
10 50 10 50 10 51[:) o 10 .
Depth (m) epih (m) Data on abundance at different depths

from ddPCR corresponds to data from
MiFish, although the results are most clear
for mackerel in the farm area and herring in
the reference area

equmor S

Results: 18S rRNA metaborcoding

eDNA can detect species the

oo Aphelida «eye cannot spoty, in addition

95% ® Amoebozoa to possible targeted detection
0% W Lenohe oy of invasive species, vulnerable
W Ficozoa . .
= X species, marine mammals etc.
W Tejonemia
BO %
B Rhizaria
75% B Mesomycetoroa
70% | Fungi
65 % m Choanoflagellida
W Chiproplastida
60%
& Katablephandophyta
55% ® Stramenopiles
50%

Haptophyta .
IA1 |AZ |A3 |A4 [AS RAL RAZ RA3 RA4 RAS [AL 1A2 IA3 [A4 JAS RAL RAZ RA3 RA4 RAS Also Other speCIeS (from

#

R

s

=

o Unassigned

Sark caf sk e I other animall groups) were
o) » Aleolata detected (multicellular and
m 50m . .
single-cell non-bacterial
Figure 15. Relative abundance of the 16 taxa at kingdom level recovered in the 18S dataset. Due to organisms in the water
the large abundance of Alveolata sequences, the y axis is scaled to the upper 50% to show less column)

abundant taxa.

Open
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Follow-up Hywind Tampen May 2023/Massachusetts Spring&Summer 2024
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Conclusion

e

equinor %

- New technologies enabling a more efficient mapping and monitoring of pelagic fish resources

+ High-quality data

+ Huge amount of data

+ No need for long-lasting vessel campaigns
+ Low climate footprint
+ Low HSE risks

+ Cost-efficient

- Equinor acknowledges great contributions from our professional vendors /research organisations N

eDNA report (equinor.com)/Qceanography /
eDNA scientific paper in Environmental DNA

WOODS HOLE
OCEANOGRAPHIC

INSTITUTION

Press release and report published on equinor.com:

Equinor pilots study to understand eDNA report
effects from floating wind on marine
biodiversity — equinor.com




Case study: eDNA
Piloting and Validating Mapping and Monitoring Technologies for Pelagic Fish Biodiversity
in Floating Offshore Wind Farms

Kari Mette Murvoll, PhD Ecotoxicology

© Equinor ASA
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the property of Equnor. All rights reserved. Any other use, reproduction, translation, adaption, arrangemen, alteration, distribution or storage of this presentation, in whole or in part, without the prior written permission of Equinor is prohibited. The information contained in this
presentation may not be accurate, up to date or applicable to the circumstances of any particular case, despite our efforts. Equinor cannot accept any liabilty for any inaccuracies or omissions.




The Rich North Sea

Nature enhancement and offshore win

b "*‘f

g J North Sea Marjolein Kelder

Noordzee

Rijke

O
o

Science

@ Utrecht ;"Z’g regfy (@ Bluelinked

University
Government i : aégpsz%\\ql/_g
. e SASEDN cnsorenergy ~ ARC Marine
¢ Started in 2019 ) - efas N
ENATIONALEN Blauwwind fobern O § suemame Grid Initiative
* S-year program BOSTCOnE A O .
vz FARMERS ¥
Sheohep 1 accenture  Voreneming
’ @
A waarDEN (€ museumb A Boskalis aro
ATUUR e[ \ | e g @ T e
ILIE Foundation /¢ ic % ; % DEME
M U North Sea @ s 6 “Feurofins ZBEN @ INWEA
rsted )

;;;;;;;




Flagshi
de Velde

\

Bluefin tuna, Hamburg c;

Human use
~ over

Biodiversity

Exponential growth offshore wind

orkney 243 W |
outer » Iglands X Voo [ e ru |
Hebrides = a3
<L 695 o Fully Commissioned ||
- ]
. N 2 partlal Generation/Unaer Construction
> 5 g
S _, o Untarennamitaln
4 : a
A ) » & pre-consifudiion
1 % ‘ P A
4 onsent Authorised (i}
? " . Kattega v
Tsushima . 2e North*= 4 ) " Sconsent Application Submitted [l
= (L Sea p d Baltic
4 Basin s f
Sed  Concepi/Early Pianting
e -
= 4 Sevetapment zone )
¥ 2 & L Decommissigned (D)
a2 > )
, 2k N 78 s - A — CancellediDormant/Failed @
% ? IR&) A
A 143 ;
Yellow R b ‘ —
. - Irish Sef = >
ea ul ¥
: 0 S .y
3 ] !V,-I
o, - . v,
% Kol 2 & 4 -
i A
7 : ‘ 2 o p
Celtic Vs 5
Sea ! .

e

el
o Chan™
1o English

4Coffshore.com
The

Rich
North Sea




The challenge!

Wind & nature

POTENTIAL

RISKS OPPORTUNITIES

HABITAT LOSS
COLLISIONS

i

FOOD AVAILABILITY
INCREASE
SEA SURFACE ﬁ ROOSTING
DISTURBANCE
HABITAT LOSS VIBRATIONS - DISTRIBUTION INCREASE
INVASIVE] afPes REPRODUCTIVE
AVOIDANCE UNDERWATER SPECIES] SUCCESS
NOISE *”“‘
NUTRIENTS &
. SIZERAGE  ORGANIC
#5: INCREASE  MATTER
INCREASE
* REFUGE AREA
INTRODUCTION
. OF DESIRED
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SEAFLOOR
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Reducing risks

Avoid
RISKS i
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What did we do?

* Nature enhancement projects in 5
different wind farms

e Several other projects to increase
scientific knowledge

* Investigate production of parasite-
free European flat oysters in
hatcheries

e Advocacy towards nature-inclusive
offshore wind development

* Toolbox (under development)

Gemini
Eneco & Van Oord
Vattenfall

Offshore Test Site

@rsted

The
Rich
North Sea

6. Blauwwind

7. Oyster hatcheries E

Gemini/ WINOR

Lost oyster reef is being
restored

The
Rich
North Sea

Area of 5 hectares
Comprehensive research

2021
* 1500 oysters lowered
* 18 tons of shells

2022
* 2000 oysters
e 32 tons of shells

Partners: Gemini consortium, WaterProof
B.V., Wageningen Marine Research (WMR),
Royal Netherlands Institute for Sea
Research (NIOZ), Waardenburg Ecology

NETHERLAN




North Sea




Luchterduinen

Flat oyster
steppingstone First pilot in 2019
2000 adult flat oysters in
2022
Use of broodstock
structures
eDNA and larvae sampling

The
Rich
North Sea Partners: Eneco, Van Oord

Depth:16. 61m; Temp #19C

2022-07-12 10:55:40
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Vattenfall

W

The
Rich
North Sea

Measurements inside and
outside foundation

6 offshore missions
First results are in, offer lot of

scientific information for
optimizing NID




Blauwwind
Borssele 3 & 4

2021
>96% survival after 9 months.
Growth of oysters &

high biodiversity around the oyster tables

2023
>69% survival with respect to installation.
28 spat found inside baskets per structure

The
Rich
North Sea

What did we
learn?

Both active and passive enhancement are needed to
restore North Sea nature

Pilot projects are giving insight into the possibilities
for nature enhancement and provide practical
experience

For optimal results, projects need to be large scale,
both in- and outside OWFs

Learning-by-doing and adaptive management are
the way forward

We need internationale knowledge and data sharing

The
Rich
North Sea




VATTENFALL

Broodstock structure fat oyster Biouwwind

Ve Oons

A broodisct s for B Gy %8 Wi @ COncress S Grd Oymer Cages

y Percling & cam be
e
oot oy Oy s e
Empty oyster shells
P
o el
she cazsen -

reoaomy  Gowpowcan b oymee i Cones

Broodstock structure fat oyster
A

A troodict e for o oy reate wah 3 corees S ord sy

ol

e Lirkedt

yor
OppITiat 1o Cracee & Motk mrtcs o4 Ir sacrrgse, S 28 Oy 50 el
< R

.
T~







<a] wirte] nja

A 2 8 E& (

[ =4 sidS3d9A 37184 24gy 2o

etk Az 271 Al S oA

X3

O
=

2

5t

172 oxld

|

601:0

73
(o]

Hors sHAret =49

_
1o

A==l 30MW,

AE gt

A

I et

Al 2ol s

PAIRY 7

adtet g

o muje Az}

=
o] A

i
S

7

HGAGER A LA

i[e]

A
A

<]

g

A

o}

==
[i[e]

r
o}

> =FEANA waA Y dE =

g s AMAR ZE

=N
e}

5t

%F

olgel Ratgol AMd e} o}

o] A4

=
=

(Species)

1o

|

E57F RajAlo] B

=, =i,

g i

1 A2 8= xHo] gla

4]

S
T

o oursel A

=
[}

- e

57}

Al

o] 4] 7}

o5

=
[S)

o=, AE[EA]

]

==
1o

o
0D

o
i
o)
el
ol
oF

oz wer slsguyo.



G
H
c) % =
<F 3 w_a 2 -
$ & R
m_x Ul 7A_._._ S __|40_H O_ Mﬂe
e
— o Klo D ol ,._.e =0
~ —_ o) %0 ~
= 7A_._._ c A v
ml Eh 9 [ T o
g M g o3 S o
o . B o K o
ol my s ) o E._ Kr
o gl o o m_ Ulo T
—_ p = £ l_._._ R_| (i o o
o % i M_u ol )l]= -+ arl o ]
mﬂ = O__._._ Q0 OO _I.._O “_U..Il.aﬂ Un_ “_LO.M_| ,MI ™ n_un_
Iy 1o N .ALU = N o ) oj %_u o% Tar <
5o fE25 EE: g
o __on___h_ wo7mMM ]Mﬂ__e m‘xr: MM ™
M%___%o __ﬂﬂ%ﬂ__o WH% e il
= do m.mo T o = Bo i J._ T o 4 Ho 2
=l muu‘_u T = <|D W o - T __.A__l - Hr me 1) N
R @@% aﬁwm - mmmﬁéa 5 .
w0 o ‘qm .A_v_umwr,_._w e D H_vq,wq n_wﬂ_.:._e._o o HH_I_
0 o= = 5o L 34 sf 1§ & of o 0 1
= T @3 T ol K 1o m_“u e ny Ulo KR X = T % &* o
o 100 O ~ oy o g R sa gl oy ,_,.Ar_. ~X iy
5 m:ioa lxﬂa_e B imﬂqnﬂloo B0
0 7% 8 Mio%ﬁo N ﬂmw_ﬂm_dﬁ S o
Ho ) o ®© _WN_ %0 __.H__T o} I Mm T =3 +o 70 5 = ™
Ko K, < oln Sy ) <0 ur o7 ol < op
T < % = © B 5 o R ]Ll__o L) o
T @ 5 %__1%14: ﬂﬂgeoAi 4] o
K o [ = <M od y 50 gl = = Ho B2
i BT w)mj_o g gl RO
- 2 5 =g ¥ ceh 2 S
Ho _n_.ouﬂoo. _Am)u_bn ﬂLﬂxb7e_.] _
T W_L.ﬂ _meor urﬂmaﬂlia_em p: o
= 5 T Klo S e g _ = o - ] _
& n = v © [l = O_ __o_._ mr m wr
u JI_”_ = o7 <N S~ s o_e o wo
e T 5 S E =y s &
q\_ .n,AlO o _Ll_ H_._._ ___Lﬁﬂ‘_ O_ _!,._O .H_O O__._._ vAO yAO %
of T = G KT o ®
o < g% i s | - Ko w 3 -
AF_AC._ R A ‘ Ja_.m,_._._oomh.nkl. =
ST 2 . - uzCE T )
Mw__o oo Ma A H m_rF % © = m_qwﬂﬂ Wo
Ey XS e T = ,HTO_E o O3 QHR__}O 2
w..m wE Mm md e B =] oyl iy a K Ow_u —
‘W BF ﬂm ] T < <F o _ oK
ﬂn e ,ﬁ W_.ﬂ ) - EEND Gl ]
& Mmmuoofﬂ%i%l Ele
Z_:_;Zi; :
Ho olo = o Ju_ JI1_ J m
s T a seqial %D A
S % m oy 7 = Ho
= < B < <_oemﬂp| <0
oo B o = ®
o ~ o %o °
R > ™ m‘,_
oy o
]

ARIA]

2

S

ok

o

jee g
;L

7S



Copyright 2024. ¥ F2t4 2 & ¢ all right reserved

jod

100MW

K4

mr
Ho <
<0
i

0
ol

Eo

H0

jo

KR8 ZA
O] A

100MW

K4

mr
Hio
<0

{0
KO

g 2%
O A

SRR
SERN

125MW

ola

ol
o[m

Eo

orl
5

orll

g 2R
i
o

Of

135MW

%0
Tl
a1

Mo

8MW

H

e
Q
o

X7AE =2ol9]
|2 At0]

72MW
Eo

2|

Jo!




Ko =
pate ™ =
@) 5 1da1a)
= _._.__H 80 a0 AL
ohu O ol
) S OH Ol
me_|o i\ oK ._._.Am.“_-wﬂm__m
Mumo R WMM
K XX edin U =]
* ol m| M.INH_ w ﬂ_AI_n_._rO% mo-w {
H_._._ <0 7 =.___._._ .ﬂm ﬂ&:.__ LH v..«._ o i
=T, U S— E el T ”..Il, 5
oo e e e
—“3 @ O._Inw._|=._7_._._M_HO O_Lq.@ : o.wu, .m Il@.‘o
<0 = ) K o KM S - | ;
—— FLIWI ¥ .___mD_._._ 10 = o8 = |
{0 T K= S By = il e W
= S _._._.__.=_./ O . ot _A_IO = o R )
nl mmm | R 1jr 100 7l T — ql = & .
T BB S > B
Wﬂl @._OO mmt O__._._l_ﬂ_lgl _._.__._._ m ! \\I\R ““
qliacs o LT e g
e = 2 Ki0 mj
A =5 Tl ol o BOIsTS i
10 G ) T mr ofl s =)
K 2 QuE0 Bl PR o
_A_I — u ro 9/*% .__A.oMmLE s olo
T E O o L o <
ojn Sile el R e o i
o & KB =0 g ey
oozl el R0 0 5O
< |_._._ |r=._ ImI+A |__L _O < ) -
go. e e _A%ummT A Ho o
_mr wh oK Tk &
KRl SRR BN E__nuu_.__._lwofA_l — o X
T | _“__.o OI_ _H 0 NI g2
oV R0 < by i Tl py b =X 3 i
_l_o S ._HO_HW:._.W _.A_w.__HIH_I_/.,O_ ._ML O_L S ﬁnwb\\ ) /
e 1 oS i A =i
i i L it :
— <0 S
n_._._ == ud _
) {0 : ,m
0




O Ao OjX|l= Fe

<
il
mHI
s
gl LN
Jo
=

X%
<lzhcy g

AN 4

o)}
=

:

as
oS




T T T T T T T TTTTT
e A A

MY 5E 20| YN

2. OfAEHLUTO| HAO O|X|= &

o = O|AEWZE|OICHSIW(UEA) A TLEI2 SHEUNMI|O| =B It S
S 20| =2 X E Mo AT Z4t

S HHl 5 SHUYM?| HYlop 55 2HE0| 2 £0|= X[4 15~135m
2 7t

@ SOt} IHE +2 ZREE 57}

FA=of| EC| /T sl SE HENA mha] =T

o XEBILOS|O AL FX= 21t 7HS O|sHE Mo F7F 7| &X| 2 0|25
1 ACH= Mo M 2 nmisi7F Mgt 7154 0| .

o =ALEZO| ALEIX|HE O EX HAIZ QI A0t = O E A1 LY
L E{E &1 MOot7t= BEIMES & Z 0|2&|11 JAOH, Ht
C}ot SHEFOF Qe AL &fj O 2ol 7I0IR X529 58
St 21 H.

& AR LT HHo| [EH FAZO = 21052 M7E 7|50
OlF BMe EEHM 355, A2 E M 555 & 9030 O| 2= HAZI =
NEE HANH AE et S50 2 0| FSFAHLE RO A A AL




SEN A mha|

4

B

J

Ao =2

x
7 f

i
0ol I e o ©
%Hﬂw_m drum R oft 2 e
b s N o jom ™
wl.oéol, O - K o - B
DRKIT D LR i = | | = =
|_h_|.§ ot o = 0 il
o Dl 1 ol i e H awE| T ¢ 37
1o _%7 R | o M o) Sy g ” 3 o
e s I ] R ANE e 3,
Wiz = o ar T & |2 _ ¢ B
._._|D o _.AI_ _.A m _|I < Lo S_—. c - “E \A Y.M i} .I‘ d”:
ol o foisohd . = F2| g5/ d|E 8% 3
~N o - H 70 e L 2 5 o & K D K o
il mw._w_mv_._._ne B #ﬂwl@ =y Rl ._M : 8 &8 £ 5 -
o Cags F% =Ro o wooF A
N_._._ w .,D_._._.__u__._._._ INGIN ._dn_._.o_._.___._._ - I_._u_ .==_M o WE MM M_
il NE=D W mOyoﬂ <0 o ¥ 3 B owor _ 2 E
) e S i -SANEIE I AR 11
||_.A|_7 - ._o__|_.___._._ Ol._o| 11] O“_O mﬁm o W < R
RO O I e S R - I Zg oS
._o__.l,_._u_ ) ~N M_/._ _u__c — e M S
O“_O (@) O.__I_l_ =T mﬂ _._._l_ I~ zl 3 %
+ By Ix Zokl ] B = FE
D .D|___/_|.Am._|l.._ Rl &._.Wé Sads oll T w3
T LH 5 9 miny IRdiEso 7o) = = =
== = _ll_ I I —<—1H5 1 I-Iﬂ < T =
] _.Io“_m_AnH ol (ST 0<< =<0 K du =
= _A._O - il — — 1 — ﬂL I-lo O_._ - 2
< §wl|xemeo IHHo  <Fol== K R 3B
o uu._AW._|,_m_ﬁ.v_._.__u_._ ﬂe@ﬂ_/l._ﬁ q__l. _.._o i U =
Ho 0 o «— A_l_L_H m_A._l.__._ Lty @) ﬂ___. 3
2 klRE S 0 e o e g
S 0B P Ul s o Xz
m == = " = 5 3
B T om= Hny T AN R 2 X &
B Z=Zp,00 oIz Smiss = = 3 P
0 ool 0k W pony Kool iy =) 1T
© =ThSF - 0 JjuHo o] LH H <+ &
5 N =g =< _.AL_l_Jn O_._ - D|_ v <
LH RIS oe X K= ™y o =r > < a
K Uuioko= T o ATo <HITET0 I - R
K Sm=a urii s = 6
oA X3 < **




FAE0 =T i SE HEfA ota| =2t

.

MY 5E 20| YN

3. FAE s SEO|

O
r|o

EA =& =Tzl

/)
0‘0

HYZ RS S5 TS| W AT 4 o ME

=D EVS o
o ZRELE R2AQ R0 DA MR S8t Qo2 0|
IHON B2t 222 QUbs CIYSt 127t S JH5 40| &2

A X4

off Ot} K| == AtO| 9| F=XAtE S H|X ot of
off FHEfA 7t R0t A2 FIHE| D R
580l 2 X222 O 5E1 A= K9G

O] %10 CsiAl S 1 ofi 3t ZAFE 0|27 HE 8{of Oof Cht
ZAbe] IR MO| 5 H7|Es 49,

ro 2 120
i

J>ouo

]

>

®,

rg ot & gm -4y =
>

ug >
iR

FAE0 EC|f T i SH SEfA ota| =2t

s L S

A,

HU BE 20| SHEHUN?

3. FXAE sfeSEO|

HF(01E)

Ok
rlo

ENA

1
ol
0Z
fir
U
H
—

&3

- G R
- 3Pl e

wh S8

SUNYEA2020)




FAE0 =T i SE HEfA ota| =2t

.

MY 5E 20| YN

3. FALE SfYSEHO| T2 YEA +EF =Eh(al)

>

L)

*,

ol =AM =M el 2= F 0l thy N2 {7 0[xE Satot
7|.= M

4

®,

L)

ol QHO A= O[O 2F a2y, :mopeknzy
J—EH S| = At S0| 2,
<« 0|5 SYSHEH NFHF/IS2
OlsS2=2A IS ot US 7Isd
< ALt AR M= |2A2 2 o
MRZM 2| I =2HQI5HOF ot =

FAE0 EC|f T i SH SEfA ota| =2t

dE BE Ao a8HLEN?

3. ZXE 4E20| F2 MENA +84 =2y
rad ‘ ’4 ™ NPT PR )v“’;.-,< . ‘ :m _’;“

2023 53 18 0 A= S5 AH77|(X1|"X|°" x|z =0l

=




or2 2010 |.
CH 2t —.—9(' |_| 7 7
o éf’”(’»é’féf o

72 HiChE siSSHEH 2| HX| 7} OfL| Ct

% XA 5.5km~10km S| A= 22N = 115|Of

CHOF2 201017}

O Wﬁ%%gfwﬁ%zfﬁ% e .

7177t HICH= S| AZ 23akx o] & X|7} ofL|C}

» S HOlLt Roj| 27 K| TS XIYots WA 22
. C18f(20012 O|LY £, o 32U RO|Ef)E SOl 2
. MEIF S XIS HF(ZS0IT i)

. h ;M;

- !M
™ Fras . - / o
. ‘ / ~ P X - % \K/
\ ] - it S ﬁ_ - #







m
rhu
M

CEED RIS DIELERL T

- 1970d¥.H 2018A7tA] Living Planet Index= H 69% st2Hlgie. AMECHAd

9le zg MAR &Aut geo] st 2k st FEE Amud off RRoA 1
QJALF (Exploitation)o] 7P 423t Qo] e FFE 2 A SFoAE A
Adurt YA} o IR GBS DXL Ao HaE

- QA7 WEL &40 5%, HITIY] 66%S A7 wWatAzon, AMel dusER:
2050971x] A 79] 10% B]gto] Q1zke] g3 ol 9l 22,

=2

Habitat loss is a major threat to biodiversity THREATS ABOUND
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