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Energy transition
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Energy transition

Wind, solar, hydrogen

v

Winds and heat balance

Currents and stratification
Turbulence and turbidity

Noise, shipping and cables

Exclusion bottom trawling

Plankton, fish, birds, mammals
Benthos and biofouling communities
Carbon and nutrient cycling
Connectivity and non-native species
Paints, chemicals and (heavy) metals

Ecological effects North Sea energy transition

https.//map.4coffshore.com/offshorewind/

Space, time and scale dependent
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Phases

Construction
Operation
Decommissioning

NIOZ
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Effects on wind

OWF's extract momentum from the
wind — strongly depends on
replenishment of energy from higher
layers

Globally the vertical flux of energy
ranges around 2 W m

Image credits: London array
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Effects on wind

OWF's extract momentum from the

wind — strongly depends on 15 = sy o W |
replenishment of energy from higher _£ | 5aaa & =7
S % 10-|| © Jacobson &Archer (2012} iz
IayerS %% - s & Kebh 19 Jacobsgn & Dol 0 Efkichar . Jacobecn (1%)
N A alal 2 et al. (2009)

Globally the vertical flux of energy 2§ mad o e B0 .
ranges around 2 W m-2 Ef wiid? o 8o Ho

= . go O o
Several papers estimate a maximum 0.1 -;-E?;' e L= o
extractable energy due to turbine- ' slectriity generation without interactions (W )

wind interactions around 1 W m=— i e o turb

: imitation of maximal extractable energy due to turbine-
+

I.e. for Southern North Sea + 100 wind interactions for large-scale wind parks and global

GW studies. From Miller et al. (2015)

Likely big effects on wind and

weather patterns in NS countries J
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Effects offshore wind interaction with waves™

RS-2 20130430 17:41:53 UTC SAR intensity image ... c L S

S2°00'N

S1°30'N

~ Wind wakes up to hundreds of km, a few % reduction q»
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Stratification

» Salinity
» Temperature

© NTR Focus g

NIOZ
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Effects offshore wind stratification and

STRATIFICATION

WIND TURRBINES

r{ NUTRIENTS |

TNUTRIENTS
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Salinity

Depth [m]

Ecological effects North Sea energy transition
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Effects offshore wind fine sediment

_d h
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Effects offshore wind stratification and mi)"e

Difference in SPM concentration

SPM effect in winter (not stratified) SPM effect in summer (stratified)
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» Local reduction mean annual net primary production up to 60%
» Local increase (search area 6/7) >40%
» Delays in spring bloom A
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Effects offshore wind food web

Zooplankton concentrations

Gemini wind farm Search area 6/7
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Effects sea bed

No detectible change in benthic species richness after 5 years of fishing exclusion

Fishing intensity
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Avoidence

Garthe e.a. 2023; Scheidat ea 2011; Vanermen e.a. 2015 and 2021; Dierschke e.a. 2016
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Garthe e.a. Sci Rep 2023

Porpoise
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Effects offshore solar

Floating (Oceans of Energy)  Elevated (SOLARDUCK)
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Ecological effects North Sea energy transition

Solar vs Wind

Footprint: 6 km2 / GW
= 600 x monopile footprint

100 x more substrate for
fouling communities

Blocking of light and
primary production

Unknown hydrodynamic
effects

20 x smaller current
blocking area

1
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Effects offshore solar

Observations 400 m2
platform, Oceans of Energy

pilot location
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Light line data
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Effects offshore solar

© Oyster Grounds: overall effect of PV installations
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(N Power Control [|_g,| Electrolyser ju= Periodically-
M R e— & Conditioner Water offloaded tanker
h farm #{ Purification #
¥ | Van Nguyen e.a. Int J Hydrogen Energy 2021

Power cable . Water Supply f
Discharge: brine, heat and chlorine

Fate depends on:
Currents
Stability/mixing water column
Release depth?
Timing release wrt. max. tidal currents?

Affects stratification and marine life?
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Research & regulation needed!
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Interactions *
/ STRATIFICATION
Wind - solar - A3
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With climate change

With nutrient reductions
(eutrophication)

NIOZ
Ecological effects North Sea energy transition 17 January 2024 23 Delta res v



Interactions

= Wind - solar
= With climate change

= With nutrient reductions
(eutrophication)

= With (displaced) fishing

Image credits: Ardea
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Nature Inclusive Design

Nature Inclusive Design | ‘
will increase biodiversity

|s costly — what level is g 7/,{/

enough?
Negative effects e by
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What do we want and how do we g s
ensure and verify this?

Is net-positive really possible???
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Discussion: What do we want?

How will the North Sea change?

Almost everything will change by small to large amounts
Many spatial shifts, from currents through planktonto = ;.
macrofauna 3E4
Stratification: less wind vs. structure friction ‘28
Mussels & hard substrate species: MORE
Connectivity: UP

Primary production: less?

Mitigation measures g
No solar in wind farms with significantly reduced PP? '
Fewer, bigger turbines = good?

Avoid sensitive and high-production areas?

NIOZ
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Discussion: Legal framework

Scale of impact energy infrastructure —
total often more than the sum of the
constituents.

Current evaluation basis: N2000, i.e
species with conservation targets

No inclusion yet of lower trophic levels —
currently first discussion
Challenges are

Scientific

Governance / policy

Legal

Ecological effects North Sea energy transition 17 January 2024
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Discussion: Legal framework

Scale of impact energy infrastructure —
total often more than the sum of the
constituents.

Current evaluation basis: N2000, i.e
species with conservation targets

No inclusion yet of lower trophic levels —
currently first discussion
Challenges are

Scientific

Governance / policy

Legal

NL target 2030: 21 GW Offshore wind!
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Call NWO Sea of Turbines

NO-REGRETS — NOrth Sea Renewable Energy: Gaining the

Required Ecological Knowledge for the TranSition N'°| z
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