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The European Directive 2009/28/EC on the promotion of electricity produced from renewable
energy sources in the internal electricity market, imposes a target figure for the contribution of the
production of electricity from renewable energy sources upon each Member State. On 31 December
2019, Belgium submitted a National Energy and Climate Plan to the European Commission
which envisions a target figure of 17.5% for the contribution of the production of electricity from
renewable energy sources by 2030. Offshore wind farms in the Belgian part of the North Sea are
expected to make an important contribution to achieve that goal.

Within the Belgian part of the North Sea, a zone of 238 km? is reserved for the production
of electricity from water, currents or wind. In that zone, eight wind farms are operational with
a combined installed capacity of 2.262 MW. A second area for renewable energy of 285 km? is
foreseen by the new Belgian marine spatial plan (2020-2026) with the government aiming for an
installed capacity of 3,15 to 3,5 GW in this zone.

Prior to installing a wind farm, a developer must obtain a domain concession and an
environmental permit. The environmental permit includes a number of terms and conditions intended
to minimise and/or mitigate the impact of the project on the marine ecosystem. Furthermore, as
required by law, the permit imposes a monitoring programme to assess the effects of the project
onto the marine environment.

Within the monitoring programme, the Royal Belgian Institute of Natural Sciences and its
partners assess the extent of the anticipated impacts onto the marine ecosystem and aim at revealing
the processes behind these impacts. The first objective is tackled through basic monitoring,
focusing on the a posteriori, resultant impact quantification, while the second monitoring objective
is covered by the targeted or process monitoring, focusing on the cause-effect relationships of a
priori selected impacts.

This report, targeting marine scientists, marine managers and policy makers, and offshore wind
farm developers, presents an overview of the scientific findings of the Belgian offshore wind farm
environmental monitoring programme (WinMon.BE), based on data collected up to and including
2022.

DEGRAER Steven, BRABANT Robin, RUMES Bob and VIGIN Laurence






EXECUTIVE SUMMARY

PROGRESSIVE INSIGHTS IN CHANGING SPECIES
DISTRIBUTION PATTERNS INFORMING MARINE

MANAGEMENT
BWHYHQ (*5$(F5ELQ %5%$%%$17 %RE 580(6 /DXUHQFH 9,*,1 80L
-ROLHQ %8<6( :RXWHU &2857(16 $QQHOLHV '( %$&.(5 -DQ +$
&KULVWHOOH -$008$5 1HQH /()$,%/( 7RP 02(16 6LOYLD 3$2/
&$5 21$ (ULF 67,(1(1 -DQ 9$1%9(5%(.( ODUF 9$1 '( :$//(
FRODV 9$1(50(1 7LQH OLHW 9%$1 0$(/( +LOEUDQ 9(56

“Corresponding author: steven.degraer@naturalsciences.be

At present, eight offshore wind farms are
operational in the Belgian part of the North
Sea, totalling an installed capacity of 2.26
*LIJDZDWW  *: DQG
offshore wind turbines (Chapter 1). They
produce an average of 8 TWh annually,
accounting for ~1/3 of gross electricity
production from renewable energy sources
in Belgium. An additional zone for offshore
renewable energy, anticipating an installed

too short and consequently these programmes
do not provide the insight needed to manage
offshore wind farms in an evidence-based

FRQV L VWnaineQ WitlR the Belgian offshore wind

farm environmental impact monitoring and
research programme, WinMon.BE, we show

WKDW ¢(IWHHQ \HDUV DIWHU W

of offshore wind turbines in the Belgian part
of the North Sea, progressive wind farm-
induced changes in the marine ecosystem are

FDSDFLW\ UDQJLQJ EHWZHH &till obseryed,@inderliming the importance

has been designated in the marine spatial
SODQ LWK
offshore wind farms in Belglum 344 km? in

NP& U MNH farmynesnagrneent.

of long-term research for a sound offshore
The WinMon.
BE programme has adopted a philosophy

WKH DGMDFHQW 'XWFK % R U \Vof HOgHeR dyestigahen. spaqning the

in the French Dunkerque zone, cumulative
ecological impacts remain a major concern.
These anticipated impacts, both positive
and negative, are investigated through the
WinMon.BE  environmental — monitoring
programme focusing on various aspects of the
marine ecosystem components.

Most environmental monitoring
programmes for offshore wind farms are

full life cycle of offshore wind farms, i.e.
from construction to decommissioning. The
progressive insights have not only informed
the management and development of the

cUVW %HOJLDQ RIIVKRUH ZLQG

was gradually constructed between 2008 and

2XU VFLHQWL¢F LQVLIKWYV

design of the second Belgian offshore wind
farm zone, i.e. the Princess Elisabeth Zone,
in an environment-sensitive manner, through

KDOWHG ¢(¢YH \HDUV DIWHU Ltk ¢uWdDtly GnBog-ER@ronrmdrtal HimpatiJ

research has shown that this period is way

Assessment procedure.
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PRQLWRULQJ SURJUDPPH
insights or technical developments, permit
conditions can be adjusted.

On 20 March 2020, the second marine
spatial plan for the BPNS (Royal Decree

D Gh6&PEZ BhB tHeBpecial Arbatd fTuvidery dtion
390DDPVH %DQNHQ " 7KHVH NQ
linking societal concerns with research
TXHVWLRQV ZHUH LGHQWL{HG
roundtable consultations of environmental
1*2V DFWLYH LQ WKH %316 V

of May 22, 2019, establishing the marine
spatial planning for the period 2020 to 2026
in the Belgian sea-areas) came into force. This
plan lays out principles, goals, objectives, a
long-term vision and spatial policy choices
for the management of the Belgian territorial
sea and the Exclusive Economic Zone (EEZ)
for the period 2020-2026. Management
actions, indicators and targets addressing
marine protected areas and the management

Offshore Platform representing the Belgian
offshore renewables industry, the Federal
Public Service Environment responsible
for the implementation of environmental
policies in the BPNS, the Cabinet of the
Minister of the North Sea and the Royal
Belgian Institute of Natural Sciences. Filling
these gaps necessitated either a summary of
existing knowledge, a dedicated analysis of
existing data or newly designed research.

RI KXPDQ XVHV LQFOXGLQJ FiRPEDENLEB00 Btlies Ypknlth Imitigation

offshore aquaculture, offshore renewable
energy, shipping, dredging, sand and gravel
extraction, pipelines and cables, military
activities, tourism and recreation, and

VFLHQWL¢(F UHVHDUFK DUH L QRRFOXGEKIHU LRW KENVOXNNIRG- RQ@ V L ¢

of the marine spatial plan, the Belgian federal
government has delineated a second zone for
UHQHZDEOH HQHUJ\ RI

40 km offshore (Fig. 1). This second zone,
called the Princess Elisabeth zone (PEZ), will

of negative impacts and the promotion of
positive impacts, and touch upon (1) the

HFRORJLFDO FRQWH[W RI WKH D

reef effect in its widest sense, (3) the effects

(4) the effects of the introduction of energy.
This programme commenced in 2019 and

N PrasufsRvrel2 Vihiihishe@ Wh 2023 (Degraer

et al 2023). All studies, conclusions and
recommendations are publicly available at

EH VXLWDEOH IRU DQ *D G G L WtpsRainMDealth.belgium.be/nl/eden2000-

of installed capacity. Storage of energy and
grid reinforcement continue to be major
hindrances to the further integration of marine
renewables into the electricity grid. In 2023,
Elia was granted an environmental permit for

studies.

2. Elia Modular Offshore Grid 2
On January 9"

WKH ORGXODU 21IVKRUH *U L @nvirgomentglHicenserfor g eangtiyction

offshore electricity grid (see below).

The PEZ is partly located inside the
designated Natura 2000 marine protected

DUHD p9ODDPVH EDQNHQT

whether and how the new offshore wind farms
can be designed and operated with respect to
the existing and aspired ecological values as

DQG RSHUDWLRQ RI ORGXODU
SURMHFW DLPV

02* 7KIO2 *
expand the Belgian offshore transmission
network by developing and constructing

) Ladditional ToRsHerk! Wsthdibht @rid export
WKXV SURYLGHYV \

FDEOHYV O02*
between the new wind farms in the PEZ and
the onshore Belgian transmission network.

(/,$ DSSOLHG

GH¢{¢QHG E\ WKH FRQVHUY DW aRif@iokalkyNatiIRi¥Y WiM bt Wredtedfor\hew H

area, a targeted research programme was set +9'& LOQOWHUFRQQHFWLRQV VXF¥
up. The EDEN2000 project on “Exploring SURMHFW ZLWK WKH 8QLWHG .
options for a nature-proof DEvelopment of 7TULWRQ /LQN SURMHFW ZLWK
offshore wind farms inside a Natura 2000 02* SURMHFW FRPSULVHV WKH
DUHD” DLPHG DW ¢(0OO0OLQJ NQRX® HDGAJIMLIFED R ILYOIDRHG RU P XC
relevance to and advice for an environment $& $OWHUQDWLQJ &XUUHQW D
friendly development of the spatial overlap of 9ROWDJH 'LUHFW &XUUHQW VX

14
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the alternative decommissioning scenarios
(complete or partial removal of wind farm
infrastructure, including erosion protection
layers). By starting this in time, there is time
for the public and private partners involved to
prepare.

7KH ¢QGLQJV IURP
consultation process also offer insights
into how future wind farms can be
optimally designed, taking into account
the decommissioning phase. In particular,
promoting circular use of materials offers
sustainability opportunities.

The Princess Elisabeth zone contains
zones with natural hard substrate, a low-
dynamic habitat with high ecological value.
Decommissioning activities will therefore
have a greater impact here than on the dynamic
sandy soils where the current wind farms are
located. On the other hand, in the gravel beds
of the Princess Elisabeth zone, many win-

RI
of the gravel beds as much as possible.

4. Aquaculture

For the stakeholders consulted in the
participation project, the primary goal of

W K HaqustMitpeN Htke BegiiH pdrt of the North

Sea is sustainable food production. Despite a
current focus on oysters and mussels, a broad
spectrum of organisms is suitable for this
purpose including algae, whelks, scallops,

¢VK MHOO\¢(VK VHD FXFXPEHU)\

grasses and even bacteria. Whether offshore
(integrated) multitrophic  aquaculture is
technically possible in the Belgian North Sea
needs further investigation.

*LYHQ WKH OLPLWHG H[WHQ\

optimal use of available space remains
one of the main concerns highlighting the
opportunities for multiple use of space. The
stakeholder process for aquaculture in the
Belgian part of the North Sea, highlights the

ZLQV FDQ EH DFKLHYHG E\ L FoRfift forhhallitur? it thé bonds foRthd

hard substrate such as wind turbines and

HURVLRQ SURWHFWLRQ OD\HHd

zone it is advised, for reasons of natural value,
to remove everything when decommissioning,
in the Princess Elisabeth zone it remains to be
seen how to avoid disturbance of the gravel
beds during decommissioning as much as
possible, and how to preserve the natural value
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CHAPTER 2

LONG-TERM IMPACT OF TURBINE PRESENCE ON
MACROBENTHIC COMMUNITIES IN THE BELGIAN
PART OF THE NORTH SEA

JAMMAR Christelle” 5(<1(6 &$5'21% $EQUHIGI (5% (.( *DQ
1()$,%/( 1HQMBENS Tom* %5%$(&.0%1 86ULNH

'0ODULQH %LRORJ\ 5SHVHDUFK *URXS *KHQW 8QLYHUVLW\ .ULMJ®

2Royal Belgian Institute of Natural Sciences (RBINS), Operational Directorate Natural Environment
(OD Nature), Aquatic and Terrestrial Ecology (ATECO), Marine Ecology and Management
0$5(&2 SDXWLHUVWUDDW %WUXVVHOV %HOJLXP

“ Corresponding author: christelle.jammar@ugent.be

Abstract depth, alongside climate predictors. Our
study further revealed that macrobenthic
abundances behaved differently in both
OWFs, regarding time since construction, and
that no clear stable state (climax stage) has yet
been reached, after 13 years of OWF presence
LQ WKH %316 7KHVH ¢QGLQJV
importance of long-term studies, as more
time may be needed to observe clear trends

: . in the response of macrobenthic communities
13 years analysis supported what is already -
. : within OWFs.
generally accepted regarding turbine-related
LPSDFWV +LJKHU PDFUREHQWKRY DEXQGDQFH

The present study investigates the long-term
impacts of offshore wind farms (OWFs) on
macrobenthic communities in Belwind and
C-Power, in the Belgian part of the North
Sea (BPNS), over a time span of 13 years
(2008-2020). We anticipated that not only the
presence of turbines will affect macrobenthic
communities, but also climate change. Our

species richness and diversity were obtained . Introduction

LQ VHGLPHQW ZLWK D KLIKHWK WKHBRIPOCWFUHH RI
fraction and total organic matter content. Belgium delineated a zone of 238 km? in the

W ZDV DOVR SRVVLEOH WR geRighipehPof\VihK North FSEARBPNIS) for

pattern of higher abundance in gullies between renewable energy production. The country

sandbanks. Climate related predictors (SST has already achieved its goal of producing

DQG $02 ZHUH VLIQL/FDQW SRIHIGHTWRIUHMVRULFLW\ IURP U
macrobenthic  diversity, abundance, and sources by 2020, with eight operational

species richness; however, no clear patterns offshore windfarms (OWFs) in the BPNS,

could be obtained. Therefore, in future KDYLQJ D FXPXODWLYH FDSDFL
studies, it remains important to incorporate (Rumes et al 2021, 2022; Degraer et al 2022).

local environmental variables (sediment A new marine spatial plan came into force in
characteristic and organic matter) that are ODUFK ZKHUH D VHFRQG DUF
affected by the turbine presence and water is reserved for renewable energy production

21
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(Marine Spatial Plan 2020; Rumes et al 2022),

Zupan et al 2023). Especially on foundations,

ZKLFK LV H[SHFWHG WR SURhHL®lthistaH Weuzidd khdnly consists of

DQG * RI
etal 2022). Withan DUHD R/
for OWFs in the BPNS, ecological impacts
are expected, and monitoring is therefore
required (Brabant et al. 2013; Degraer et al.
2022).

The OWFs in the BPNS are generally
located in areas with natural soft sediments
consisting of medium to coarse sand, with a

LQV W Oe@aerG FD/SOFLHMQYV LR Q

IHHGHUV cOWH
NPOo UBVRXNQWGE RI VHE aZ POWBHGF 9RHW

feeding, and also producing large amounts of
faecal pellets (Mavraki et al 2022) that are
H[SHFWHG WR EH GHSRVLWHG R
WR WKH WXUELQHV %DH\H )HV
in turn can be the reason for the observed
higher organic matter content in the seabed
around turbines (Coates et al2014), providing
additional food availability for macrobenthic

PHGLDQ JUDLQ VL]H EHWZHHEhmunitldsQ(Mavraki etPal 2022). This

and a relatively low organic matter (OM)

leads to an increased species richness and

FRQWHQW "H O0DHUV Vet KD O F Npyndance resulting in a shift in community

2006). These types of sediment are usually
characterised by macrobenthic assemblages

structure of the macrobenthos (Coates et al
/HI1D etEaD2823). +RZHYHU WKHYV

ZLWK ORZ GHQVLW\ DQG G Lefkttld Yebn\Vdepetien® ori* tReHidcation of

et al. 2004; De Maersschalck et al. 2006;
Breine et al 2018).

The construction and presence of OWFs
have well-known effects on the ecosystem
(Coates et al 2014; Degraer et al 2020;
Dannheim et al [ H | et & QORA3).
During the exploration and construction
phases, direct removal of substratum and
benthos occurs, with slow-moving species
EHLQJ WKH PRVW BtHlRG®RY.HG
+RZHYHU WKHVH HIIHFWYV
be short-term, and macrobenthic recovery
IS observed after two to four years after

the OWF with respect to the coast and/or the
WXUELQH IRXQGDWetarRQe3y\SH
and on environmental factors such as seabed
morphology and water depth (Cheng et al.

2021; Coolen et al 2022).

I'H

In addition, climate change and local
weather also affect macrobenthic communi-
ties. Wieking . U | Q HR061) showed that
the North Atlantic Oscillation index (NAOI)
affbcs i yfiroclimatic state of the North
W FRQVYWVWEHUHHESIWRYDOXHV U
cold winters, which have an important impact
on macrobenthic abundance by decreasing the

FRQVWUXFW L Redal. 20D@Q Co&ed | V H §a surface temperature (SST) (. U | Q FehaH

etal
years) involves the implementation of hard-
substrate foundations in a naturally sandy
HQYLURQP H @l 260R;\DarRHEilh
et al 2020). The presence of the turbines leads

/KH RSHUDWLRQDO &B)V#HU HYH RX\VE VWXGLHV

'LSSQF
.U | QEeNa&l 2013) indicated that

AXFWXDWLRQV LQ PDFUREHQWK

related to changes in the winter NAOI. In the

North Sea, the water temperature is affected

WR ORFDO PRGL¢{FDWLRQV LKybYhhdtursd VaiAbiRtGan@dRrRate cHarge,

regime (Dannheim et al 2020) and the
WRSRJUDSK\ RI

DQG WR ¢QLQJ RI
vicinity of the turbines (Coates et al 2014;
[HID LeEaD H 7KLV ¢QLQJ
decrease in sediment permeability (Janssen
et al "H % [2fal BDWY), leading
to changes in nutrient cycling in the seabed
(Toussaint et al. 2021). The turbines and
scour protection layers are rapidly colonised
by epifaunal organisms (De Mesel etal. 2013;

22

which will impact marine species. The

W KH eV &l D E HduthetnLNOfthRSEaNind the English Channel
W K H aMé trhGrd- ikl yQt0 e fadhéKdde to their

VKDOORZ GHSWKY DQG SURJ[LPL

FD@GREWRVH3DQJUHHetal 2014)DId U L V

addition, the NAOIi (as mentioned above)
and the Atlantic Multidecadal Oscillation
(AMO), a natural 60 to 80 year climate cycle
WKDW DIIHFWV 667 LQ WKH 1RU
2000), also introduce variability to the marine
HQYLURQPHQWt al0Ed1d8)D The











































































