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North C Neutralizer

Georeferenced Optimization Model

OVERVIEW CURRENT FUNCTIONALITIES

LEVEL OF DETAIL:

MONOPILE FOUNDATION

MONOPILE

FOUNDATION

COST AND CARBON
EMISSION CALCULATIONS
ARE BASED ON:

« Hardware

« Operation

ASSUMPTIONS AND
VARIABLES TAKEN INTO
ACCOUNT:

« Capacity 15 M

+Energy production
cut-in ws 3n/s

rated ws 10n/s
cut-out ws 25n/s

+ Distance to shore
operation harbour
installation harbour
onshore substation

JACKET

FOUNDATION

COST AND CARBON

EMISSION CALCULATIONS

ARE BASED ON:

« Hardwar

« Installation

« Decommissioning

- Developuent and
Insurance

« Operation

ASSUMPTIONS AND
VARIABLES TAKEN INTO
ACCOUNT:

« Capacity 15 W

«Energy production
cut-in ws 3n/s
rated ws 10n/s
cut-out us 25m/s

«Distance to shore
operation harbour
installation harbour
onshore substation

GRAVITY-BASED

FOUNDATION

COST AND CARBON
EMISSION CALCULATIONS
ARE BASED ON:

« Hardware

« Installation

+ Decommissioning

+ Operation

ASSUMPTIONS AND
VARIABLES TAKEN INTO
ACCOUNT:

« Capacity 15 Wi

* Energy production
cut-in ws
rated ws 10m/s
cut-out ws 25m/s

«Distance to shore

onshore substation

SEMI-SUBMERSIBLE

FOUNDATION

COST AND CARBON
EMISSION CALCULATIONS
ARE BASED ON:

« Hardware

« Operation

ASSUMPTIONS AND
VARIABLES TAKEN INTO
ACCOUNT:

« Capacity 15 M0

+ Energy production
cut-in ws 3n/s
rated ws 10n/s
cut-out ws 25m/s

« Distance to shore

onshore substation

SPAR

FOUNDATION

COST AND CARBON
ENISSION CALCULATIONS
HRE BASED ON:

« Installation

« Decommissioning

- Developuent and
Insurance

« Operation

ASSUMPTIONS AND
VARIABLES TAKEN INTO
ACCOUNT:

+ Capacity 15 Wi
cut-in

rated ws 10m/s

cut-out ws 25m/s

+ Energy production
ws 3n/s

* Distance to shore
operation harbour
installation harbour

anTewnL

BATHYMETRY

wgg-> HidIq

For exanple:
- Temperature

- More in depth wind speed
- Vake effects

- Data wind farm

NOTLYaNNOS
3780 AVHY-U3LNT

WIND SPEED

- Global stilling/sound propagation
—> sane for food production + ecology

EXAMPLE OF GEOSPATIAL PARAMETERS

We are aware that other variables influence energy production; when the appropriate data become
available, we can include these into to model.

onshore substation HARDWARE

+Sea bed structure

ENERGY PRODUCTION tron wind data to eneray production

«Sea bed structure
mixed sedinents

«Sea bed structure *Sea bed structure *Sea bed structure
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VESSELS e s st e s s
oo e o o i e o vl Wt g
ARRAY CABLE 2.9 DAYS vessels can be added to the model e o

INSTALLATION INTER-
DURAT

NATURE INCLUSIVE DESIGN | =

NID
(NID) o

INSTALLATION FOUNDATION
DAYS

MUSSEL CULTURE

Fishing Intensity, longline culture
Ecosensitivity, Stakeholders

e input

SEAWEED CULTURE

longline culture

SURVEY SITE with ROV 14

'

LIFT MONGPILE dynanic
UPEND MONOPLLE dynanic
LOVER MONOPILE TO SEABED dynanic

[}

MULTI_USE

floating photovoltaics and wind production

MULTI_USE

aquaculture and wind production

LOWD CABLE AT PORT 6 H 1.PLANNING SURVEY VESSEL ( METOCEM, ENVIRONENTAL, GEOTECHNICAL & GEOPHYSICAL
TRANSIT 10 SITE. dynamic «—— SURVEYS )

2.INSTALLATION & DECOMMISSIONING
POSITION O SITE

INPACT SCORE = STRESSOR * ECO COMPONENT * SENSITIVITY SCORE + vessel day rate plus equipsent
o fuel use
+ transit speed (loaded/unlosded)
total area installed: CARBON EMISSION AND O AR A e e
20% extra compared to COST CALCULATIONS -
ARE BASED ON:

G

G

PULL CABLE TNTO TURBINE 5+ <
TEST AND TERMINATE CABLE
B0 5.5H
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| 3.8 DAYS_Installation Turbine

SOLT TRANSITION PIECE 4 | 2.7 DAYS_Installation Foundation &
i { 2.2 oavs_Instalation Scour

otectio
2.9 DAYS Installation Inter- =
array cable

Lenotic sour 2.rocka 120
protection - graiet ECO-INPACT SCORE = CHANGE LIFTING
o 5“ EFFECT * ECO-COMPONENT EQUIPHENT 14

* SENSITIVITY SCORE '

S.sheld matersal 4. troes

CARBON EMISSION AND  ASSUMPTIONS AND
COST CALCULATIONS VARIABLES TAKEN INTO
ARE BASED ON: ACCOUNT:

CARBON EMISSION AND  ASSUMPTIONS AND
COST CALCULATIONS VARIABLES TAKEN INTO
ARE BASED ON: ACCOUNT:

CARBON EMISSION AND ASSUMPTIONS AND
COST CALCULATIONS VARTABLES TAKEN INTO
ARE BASED ON: ACCOUNT:

CARBON EMISSION AND ASSUMPTIONS AND
COST CALCULATIONS VARIABLES TAKEN INTO
ARE BASED ON: ACCOUNT:

LONGLINE CULTURE LONGLINE CULTURE AQUACULTURE EFFECT: intensity of RELEASE BLADE 1

« Seabed structure * Seabed structure LIFT 8LADE

"
I
I
I
I
I
'
I
|
VARTABLES TAKEN INTO be | }
I
I
"
I
'
'
'
I
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= Hardware * Food production = Hardware Food production = Hardware Jed sedinents . e mixed sedis rom ATTACH BLADE TO HUB 3,54 INSTALLATION SCOUR JACK-UP CRANE VESSEL (TURBINE, CREN TRANSFER VESSEL OR SERVICE
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* Capacity 15 MW

« Energy production
cut-in ws 3m/s
rated ws 10m/s
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* Sea bed structure
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* Hardware

« Installation
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VARIABLES TAKEN INTO
ACCOUNT:

- Capacity 15 MW

« Energy production
cut-in ws 3m/s
rated ws 10m/s
cut-out ws 25m/s
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operation harbour
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* Sea bed structure

Current functionalities

Energy
Fishery
Aquaculture

ad " rqck . rock anchoring and mooring anchoring and mooring
'é';a y san mixed sediments adjusted to seabed adjusted to seabed
sanﬁ muddy sand * Meteo data conditions conditions
:;:ﬁ « Vessel types rock rock u

* Meteo data . Lif 25 mixed sediments mixed sediments

« Vessel types * Meteo data .D:p::pa" ooy :'0';“' l;l;gsy sand gggy sand u I - use
« Lifespan 25 yr. + Vessel types sand sand
. < oLi 25 yr.

Depth < -60m Lifespan yr UNIT DENSITY: * Meteo data « Meteo data
UNIT DENSITY: PREZL ~4om/-166n 7,5 MW X 1 KH2 + Vessel types +Vessel types

7,5 MW X 1 KM2

UNIT DENSITY: e + Lifespan 25 yr. + Lifespan 25 yr.
7,5 MW X 1 KM2 + Depth 5  Depth 5 ~100m
HARDWARE HARDWARE HARDWARE HARDWARE HARDWARE
l . ; i . UNIT DENSITY: UNIT DENSITY:
2
Pl s 4 A . — 5 MW X1 KH 5 M X 1 Kne
o
o A A 5 TS 1L .
S AR e :, PRI BN BN B o
FOUNDATION INTER-ARRAY CABLE TURBINE FOUNDATION INTER-ARRAY CABLE TURBINE FOUNDATION INTER-ARRAY CABLE TURBINE ANCHORING AND MOORING INTER-ARRAY CABLE TURBINE ANCHORING AND MOORING INTER-ARRAY CABLE
nsition pi nter-array cable s inter- c 5. trans x a 1.blades 5.stiffend column mass 19.cable accessories 5. transition piece 11.cable accessories
BERieE DTy € L St aiinterarracane s 3 mrsiton pece B il L, e
mon nacelle “scour prot 1 7 o .nacelle 7.heave plate mass bl unr
) e - LT & 4lsteel toner 8taut nooring cante 8.spar ballast mass

enary mooring

ooring
§.anchoring based on sea bed structure T B i e b st

HOW FISHERIES ARE AN
INTEGRAL PART OF

PLANNING
ACTIVITIES AT SEA

our model.

FLOATING PHOTOVOLTAICS

CARBON EMISSION AND
COST CALCULATIONS
ARE BASED ON:

wind farm to OFFSHORE
substation (AC/DC)

OFFSHORE substation (AC/DC) to
ONSHORE substation (AC/DC)

OFFSHORE SUBSTATION

CARBON EMISSION AND
COST CALCULATIONS
ARE BASED ON:

+ Lifespan

INTER-ARRAY CABLE

SUMMED CAPACITY FLOWING
THROUGH CABLE MAX 89 Mw

TURBINE 15MW

CARBON EMISSION AND
COST CALCULATIONS
ARE BASED ON:

HYBRID INTERCONNECTOR

CARBON EMISSION AND
COST CALCULATIONS
ARE BASED ON:

i
' ' '
' - '
' ' '
' . '
' ' '
' . '
' ' '
' ' '
: - :
' '
' ' '
FISHING HOURS * Hardware ' * Hardware ' T * Hardware 0 INTERCONNECTOR ISLAND * Hardware
« The model identifies and + Installation l + Installation ' + Installation ! INTERMEDIATE STATION/ POOLING OF ENERGY « Installation
protects critical fishing + Decommissioning ' e — * Decommissioning ' * Decommissioning ' + Decommissioning
3 ik, LA DRl + Development and + Development and 15 MW + Development and 1 + Development and
L actizitypwitiensngingloed Insurance ! Insurance ! Insurance ' t Insurance
v i g country x
- ::Silééxtﬁeogizzre wind), - Operation 0 INTER-ARRAY CABLES EXPORT CABLE HVAC/HVDC « Operation ' « Operation ' ’ « Operation
' i ' CABLE
large-scale effort to * Onshore Substation TURBINE 15MW '
safeguard these areas com- 0 0P STRUCTURE 1 XLPE 185 mm2 .
hensively. ' '
CIRUIE T ASSUMPTIONS AND ] HVAC SUBSTATION: ] ASSUMPTIONS AND ' ASSUMPTIONS AND
« By mapping areas of high VARIABLES TAKEN INTO » . Max connectable . 3 M VQE(ZEABLES TAKEN INTO ' Xéggﬁﬁ#ES TAKEN INTO
fishing intensity and : 0 200 My . ' :
low-use zones, it allows ACCOUNT ! capacity . HELLY 0
essential fishing areas to - Capacity 50 MW [ depends on connected turbines 1 « Capacity ] * TOT surface
remain open while setting . ' . Di ' i surface area AC
aside regions for recovery = Energy production ] [HSENED 60 €D < 6D a ~ TURBINE 5HW 2 o turbines . surface area DC
and other developments. surface efficiency * Hardware first 3 turbines 55 MW
e ’ (35m x 35m),global 1 cable = 1 last two turbines 88 MW | hydrogen
« Considering factors like 18100 ' fined by distance to '
% 5 de y « Depth
fish migrations and eco- tilted irradiation, 0 shore and cable specifici- 0 45 MW « Distance to shore 1 N
logical vulnerabilities, performance ratio (PR) ies tion harb - « Design
Nk the model supports both jadl ' ' operation harbour country y e
, environmental sustainabil— ' electrical components - ' installation harbour J GRRIGEE SN
ity and economic stabili- + Distance to shore ' By i connected . TURBINE 15MW onshore substation ' .
ty, aiming to reduce over- operation harbour . . ' « Electrical components
fishing and ensure 2 . FOUNDATION -
Long-term fish stock installation harbour ' topside structure - ' landvare ' HVAC components
i nshore substation e inadioytheNel e inicey CABLE copper conductors ' HVDC components
feaihs o ! components weignt ' XLPE 630 mn® 80 M total cable length | CAISSON ISLAND °
TREES AS NID AND + Sea bed structure S foundations - ! (max 38km): ; + He hydrogen compo-
rock ' defined by the sea bed 0 n°turbines x turbine nents
FISHERIES 5 q ' depth and topside structure 4 TURBINE 15MW A . D
' mixed sediments . weight . interdistance 1
, + Nature Inclusive Design nuddy sand . « Meteodata : (+/- 1.4km) + 16% 0
4 (NID) in Offshore Wind clay excess cable
: e Geng i * Vessel types l BT 0
" Okm 100 200 By incorporating NID into N « Lifespan N '
M —Tr— offshore wind projects, + Meteo data . Monopile max -40 m Jacket -40m to -100m . * Meteo data [
energy infrastructure can . .
W so-400n support in habitat cre- - Vessel types ' HVDC SUBSTATION: ' SUBSTATTON * Vessel types .
ation to potentially boost . 1 * Max connectable ' o
fish populations, support- + Lifespan 25 yr. capacity 2000 MH * Lifespan 1
ing biodiversity and eco- . ) . . '
system recovery. - Depth > —15m ! 7 depends on connected turbines 1 oABLE 5 dim vEiGER S !
' « Distance to shore > 8% 1 " removed, the
- Ecological Benefits: 1 pLoT ; « Hardware y XLPE 185 mm inter-array cable '
Implementing structures is as well 1 SAND ISLAND
like deadwood on seabeds 00 ! ek T —— v o a5y v
creates reef-like habi- ' jefined by distance to '
tats, supporting marine HARDWARE ' shore and” cable specifici- 1+ CAPACITY 550 J
species and restoring lost 0 ties 0 o0 G D0 '
ecosystens crucial for . _ - '
o S COReETL ' Submenaiblel > —Gem Gravity base ~15m to -56m LSO CaTg e S .
: ' capacity '
« Importance of Ecological ' ' '
odein . . wsom 1 EXPORT CABLE: XLPE 1980 mm topside structure - . '
HARD SUBSTRATE Scientific evidence is defined by the electrical CABLE '
. " needed to confirm that NID ' components weight ' XLPE 630 mm2 .
rees and various other : total @
SN W ey [ . P — ' :
in areas next to turbines CRFB AR LN S O ' 75 ke defined by the sea bed V. vouTace B6kv '
to create havitats and g ' depth and topside structure 4
ing genuine gains for 1.photovoltaics p o mmEE -
e D s Fisheries and marine life; EaEL SRR 1 capacity, 2k g ' '
deadwood we restore a once scientifically 4l transfomer + underuater cavle ' * Meteodata g cocosTeER K 400009 € !
habitat that has proven, we will include “mooring and anchoring connecting equivlant of 28 . nes connected: max '
disappeared over tine. this in 8. floating inter-anray cable ' connectinplequivl Vessels type 1 nof turbines comectes: max § :
1 1
' ' '
. '

MUSSEL CULTURE

longline culture

CARBON EMISSION AND
COST CALCULATIONS

. MAINTENANCE LANES

ASSUMPTIONS AND
VARIABLES TAKEN INTO

SEAWEED CULTURE

longline culture

CARBON EMISSION AND
COST CALCULATIONS

. MAINTENANCE LANES

ASSUMPTIONS AND
VARIABLES TAKEN INTO

MULTI_USE

floating photovoltaics and wind production

53
oS i

CARBON EMISSION AND
COST CALCULATIONS

D MAINTENANCE LANES

ASSUMPTIONS AND
VARIABLES TAKEN INTO

MULTI_USE

aquaculture and wind production

8%

CARBON EMISSION AND
COST CALCULATIONS

MAINTENANCE LANES

ASSUMPTIONS AND
VARIABLES TAKEN INTO

NATURE INCLUSIVE DESIGN

(NID)

IMPACT SCORE = STRESSOR * ECO COMPONENT * SENSITIVITY SCORE

NID I
total area installed:

20% extra_compared to
today’s situation

A0

1.chaotic scour protection
(hard substrate)

NID II

total area installed:
5000 m on seabed

per turbine

1.chaotic scour  2.rocks and
protection a

gravel

P

3.shell material 4. trees

CARBON EMISSION AND
COST CALCULATIONS
ARE BASED ON:

* per NID Element:
hardware/procurement
installation
dimension per turbine
+ cost per turbine
emission per turbine
KG COzE

ASSUMPTIONS AND
VARIABLES TAKEN INTO
ACCOUNT:

+ distance to installation
harbour

other variables should be
determined by an expert
group/work bench approach

ECO-IMPACT SCORE =
EFFECT * ECO-COMPONENT
* SENSITIVITY SCORE

LONGLINE CULTURE ARE BASED ON: ACCOUNT: LONGLINE CULTURE ARE BASED ON: ACCOUNT: ARE BASED ON: CCOUNT: AQUACULTURE ARE BASED ON: ACCOUNT: ﬂ’\ ERGEL: %rqensiﬁy A
o 4 etrimental or beneficia
+ Hardware « Food production « Hardware « Food production CLOATING PHOTOVOLTATCS + Hardware * Seabed structure « Hardware Seabdistructirs ™ effects originating from
« Installation particulate organic matter « Installation nitrate (NO3-) « Installation By cor i « Installation FIEEY S technology (barrier
* Decommissioning (POM, + Decommissioning nitrite (NO2-) + Decommissioning I A + Decommissioning and X effect, habitat loss, food
 Development and chlorophyll a (Chl a) + Development and ammonium (NH4+) + Development and rock (jacket) :: + Development and rock (jacket) S.colored blades 6.curtailnent | PrOVisioning, shelter,
Insurar]ce temperature (T) Insnra[-ce day length Insnrar}ce * Distance to Insura[u:e . Distafm:e to etc.)

* Operation o M G ChEmD + Operation temperature (T) + Operation operation harbour nussels culture * Operation operation harbour e

aquaculture harbour

+ Distance to shore
aquaculture harbour

installation harbour
onshore substation

installation harbour
onshore substation

total area installed:
25000 m2 on seabed

ECO-COMPONENT :
presence/absence or
probability of occurrence

1.backbone « Meteo data 1.backbane + Meteo data i * Meteo data 2 :

 anchor: H . I : - r of different species
h 52;’?@”1?225 UNIT DENSITY: « Vessel types ;:;g;:ng B0 UNIT DENSITY: * Meteo data UNIT DENSITY: Vessels type L UNIT DENSITY Vessel types per turbine o otngr e
4-corner buoy * Lifespan 4.corner buoy * Vessel types FLOATING PHOTOVOLTAICS AQUACULTURE components

5.additional buoys
6.vertical dropper lines 5 m +

25 plots x km?

primary structure 12yr.
secondary structure 3yr.

5.additional buoys
6unet of 2 m

25 plots x km?

* Lifespan
primary structure 12yr.

FPV
32 MW x km2

* Capacity 32w

seaweed culture

15 PLOTS x km2

AQUACULTURE
* Food production

1.chaotic scour 2.rocks and

SENSITIVITY SCORE:

interdistance 1.5m WIND + Energy production WIND environmental etel rotection sensitivity of a specific
* Depth min -16m SEHEGEY SHUEIE S 7,5 Wi x km2 surface efficiency (35mx35m), 7,5 MW x km2 T OTEnEES BRTEIEEES preteese & Yk
* Depth min -10m global tilted irradiation, ’ * Lifespan . eco ?lf""lpun?; tU a
@ @ performance ratio (PR) 75 % @ primary structure 12yr. /k& specific effec
WIND PRODUCTION - Lifespan - WIND PRODUCTION secondary structure 3yr. e = :
ik « Depth min -10m - Eco-impact score can be
== « Depth nin ~15n S.snell materdsl 4. trees cateulated for
[OlE0) WIND ) WIND functionalities

-

« Energy production
cut-in ws 3m/s
rated ws 10m/s
cut-out ws 25m/s

-

* Energy production
cut-in ws 3n/s
rated ws 10m/s
cut-out ws 25m/s

* Capacity 15 MW * Capacity
2 15 MW
<Einthe et OO + Lifespan 2 yr. <eiHie (e ® ]n- « Lifespan 2 yr.
* Depth ottt * Depth -60/-108m

5.colored blades 6.curtailnent

New funtionalities can be added
throughout the process



HARDWARE ENERGY PRODUCTION from wind data to energy production

PRESET VARIABLES: 55 ; wind intensity
WSH : wind: d at hub height
TURBINE RATING... ... 15 MW LELRELLLL T 1P LS
BLADE HUB NACELLE STEEL H : distance between sea surface and WSH
ROTOR DIAMETER._ _...236m
TOWER
Sohte HUB HEIGHT.. ... _._______. 145 m
weight:860t A st=20— AVERAGE WINDSPEED CALCULATION:
TOWER MASS . ______________ 860 t
ROTOR 236 m ] BLADE WEIGHT. __ .50t =2 _ Measgrement buoys on the»Nur'th Sea
d= 11.5m | BLADE WIDTH. 6m ® H 3 provide yearly average windspeeds. ||
6m These data are extrapolated to
2 Weight: 50t CALCULATED i WS = sinulate a windspeed map of the
b} : VARIABLES DEPENDENCY : RH North Sea Basin.
= HUB DIAMETER turbine rating : —
() E d = 5.75m BLADE LENGTH rotor d and hub d
N T q
..._...........o-.._ . a B iﬁr NACELLE WIDTH  hub dlamefer 0.20 WEIBULL DISTRIBUTION: - -
e F ., @ 2 = NACELLE LENGTH  nacelle width . O4E Since hourly windspeed data are
- "o COST AND CARBON ) e %25 SQ 5 ROTOR NACELLE = not available, a heibull
e n A ASSEMBLY MASS  turbine rating 2 .10 distribution is used to estimate , , , ,
Wwee TOWER DIAMETER turbine rating a8 the occurrence of windspeeds.
=g 6.65 Through this method, we can
0m o= estimate how many hours a certain | | |
. 0.0 Ll
ARE BASED ON [} % 8 n s eI & X G ¥ 4 i i Y 0 windspeed will occur at a specific
= - EMISSIONS: 718.200 KG CO2eq X MW location in the North Sea
O Wind speed at 10 m above sea level ,
ORI POWER CURVE OF WIND TURBINE:
* Hardware VARIABLES [ bepenDENGY:

Using the power curve of a 15MW wind
turbine, the wind speeds are con-
verted into energy yield: MW pro-
duced per hour. The previous Weibull
distribution provides us with the
rated cut-out | number of hours the windspeed occurs
outspeed speed per year, making it possible to

estimate a yearly energy production:
rated l l
output power
——

FIRST ESTIMATE OF mean windspeed at 10 m

L Installation DIAMETER (at h 10 ) v

= Q o PILE DIAMETER. ______.___ depth, first estimate of -
* Decommissioning donetor at 10 n .
* Development and

PILE WALL THICKNESS..._.pile diameter

PILE MOMENT OF INERTIA pile diameter, pile wall
thickness

PILE EMBEDMENT LENGTH._monopile modulus, pile
moment of inertia, soil

total pile lenght

pile ¢mbedmentlenght MwWh/year

RATED POWER

Insu Pance SEAEHETE g . Rated power is 15MW.This means
TOTAL PILE LENGTH. - pile embedment length, L] ~ | cut-in starting from RATED WINDSPEED
o depth, pile above sea X k & | windspeed
O Oper‘atlon level pile diameter (d) z CUT IN WIND SPEED: 3 m/s
&

STANDARD VALUE Minimal wind speed required for

the turbine to work

VARIABLES

MONOPILE DENSITY_ _______ 7860 kg/m? RATED OUTPUT SPEED: 10 m/s _
;(E]I’\\l‘grghléBa\éEDUiEé LEVELS@Q % 10° . cosT: 2250 €/tonnes L o = lgll‘zguzggm which max energy is DURATION I NSTA L LATI ON FOU N DATION I NSTA L LATION INTER

SOIL COEFFICIENT

ASSUMPTIONS AND
VARIABLES TAKEN INTO

,,,,,,,, sub gradient reaction

coefficient of the soil WIND SPEED m/s

ARRAY CABLE 2.9 DAYS

EMISSIONS: 1886 KG CO2eq/tonnes CUT- OUT WIND SPEED: 25 m/s

The Cut-Out wind speed is reached
when the wind blows too hard and the
turbine stops working, in order to
keep it safe from damages

2.7 DAYS

( CLAY,SAND...)

DISTANCE TO SHORE
DEPTH
SOIL CONDITIONS

ACCOUNT . TRANSITION PIECE .
o VARIABLES [ DEPENDENGY: . total lenght 25 m

LOAD CABLE AT PORT 6 H
TRANSIT TO SITE dynamic «——

I

SURVEY SITE with ROV 1H

OPEX highlighting the important factors that influence OPEX cost and emissions

EQUIPMENT 1H

VESSELS vessel library used to extract emissions and fuel use

SOIL CONDITIONS TRANSIT TO SITE dynamic ¢——

VARIABLES
UNIT DENSITY [ ] DURATION gNngktéTION [FOIL DALY ig;;éLéﬁgigNEIngi\_{s The North C Neutralizer can run simulations with any type of vessel. Next generation ~
L DISTANCE TO SHORE : . vessels can be added to the model ‘ =<
DEPTH wn
AT PORT 6 H
SURVEY SITE with ROV 1H LOAD CABLE 1.PLANNING gHSTETSV§SSEL ( METOCEAN, ENVIRONMENTAL, GEOTECHNICAL & GEOPHYSICAL

7,5 MW X 1 KM2

METOCEAN CONDITION

~RELEASE NACELLE 3H
LIFT NACELLE dynamic
ATTACH NACELLE TO TOWERGH

CABLE LAY VESSEL ( CABLE INSTALLATION ‘

FINISHED

|

2.INSTALLATION & DECOMMISSIONING

|
|
|
|
|
|
|
T L, |
KNESS _____________. pile wa ickness
° capacity 15 MW - DIAMETER TRANSITION,,Eiiediameter,transitiun . Opiﬁ‘;;i;gs AND MAINTENANCE z T METOCEAN CONDITION ‘ | ‘
. E —  CABLES i : % FATLURE RATES E , I
* Energy production LR m— i e SIS SRS s T | ST T Ot NS W HES s : | > POSITION ON SITE
. 2 5| | LENGHT 25 m LIGHT MAINTENANCE Gy Vet MPTION BOATS 1d t 1 1 nt LIFT MONOPILE dynamlc
cut-in ws 3m/s 2| | v Ao sen oL COST: 3230 €/tommes _ , e o * vessel day rate plus equipme ) || PREPARE CABLE 1H
23 EMISSIONS: 1886 KG CO2eq/tonnes TURBINE INSPECTION:2.5 d/yr/turbine DAY RATE
E = R CABLE INSPECTION: 14 d/yr/windfarm (limEts i) ¢ fuel use UPEND MONOPILE dynamlc 1 |
rated ws 10m/s % >| SCOUR PROTECTION ¥ SUB. INSPECTION: 7.5 d/yr/windfarm (AU (RS A0 . . LOWER CABLE TO SEAFLOOR 1H
Cu-t_ou-t WS 25m/s gfr:u VARIABLES DEPENDENCY : \ pile diameter (d) T e tpransit SDEEd (loaded/unloaded) LOWER MONOPILE TO SEABED dynamlc |
: e o “ ot ALWE BAE o SR + mobilization/demobilization times )| UL GREE e TREE &
* Distance to shore § 8| [moms s or__pie itz Components.réplacenent: O | T | TEST AND TERMINATE CABLE
operation harbour =25 : = et pite haneter reary compneirsie.s asoiinttan SIS | urszon '| END 5.5H
3 3 Boe? : : :i:d ::: 2730 KGCO2eq/MH/year |
lnstallatlon har\bour\ EE§ :JO/LA;D::;TE\:T\:JNEDENSIW —— 008 Peeeerion coSTs 55 SMALL COMPONENTS:3.5 d/yr/windf: WAL INSTAL LATION TURBINE EQUIP DRIVING EQUIPMENT 1H | LAY AND BURY CABLE
Ons ho r\e Su bStatlo n § § § SCOUR PROTETCION DEPTH im : =P CORROSION PROTECTION COST: 230.800€ DECOMMISSIONING decommissioning sequence for all hardware components 3 * 8 DAYS | SECTION dynamic
LEov EMISSION: 780 KG CO2eq/tonnes
» Sea bed structure | | S>RELEASE TOWER SECTION 3H ‘ I| PULL CABLE INTO TURBINE
mixed sediments & e F e f@ fﬂ" ﬂ ﬂ A LIFT TOWER SECTION dynamic . : : TEST AND TERMINATE CABLE END
muddy sand | = Fi— | ure 285 me LE o ATTACH TOWER SECTION(2)6H = DRIVE MONOPILE INTO SEABED dynamic ' | ‘
£ s ety Z | o 7{ TURBINE METOCEAN 5 i
clay o | SRR R v e |2 S
sand 2 | ! (e e e | e e g mom | ‘RE ! v O CAROUSEL WP
= B 5 h 8 8 d d plus equipment — '
w e ws 60 MW f TuRBINE e —fuel use = o | ‘ ~
25 ; OFFSHORE substation %‘i 7777777 oot ot oaded — & - m
[ ] Meteo data § E mxé:gcigg ?;;%g?E (ACh/DtC)t_tO UPfCHUDRg ;\ 75 MW ’ 1 (_mnb&l%/z“%?"/ ) ALL TOWER SECTION d | w REEQUIP LIFTING EQUIPMENT 1 H L I wn
Swg substation (A0/00) |y o 639 mma s UBSTATION g R T I {ehoarreaten INSTALLED? - L I .
* Vessel types 2o OLTAGE. ..o 6 | | ) X | TRANSIT TO PORT dynamic
Bifl e | [ BB @ : X
° Lifespan 25 yr. % %g IS QLN (AR 2y A UL cowsgignfﬁﬁzmﬁmax 2@ b FL;W?ITEDTEQZSE;T;ABLE R Wy R LT PUIElPTIg'::GRMg P C:}EE:T_E THEI;O%EILE ~Storage ‘ > 3 3 3 3 : ‘
DECOMISSIONING  MON MON “circolarity L !
-waste management CHANGE LIFTING 00 \'Y
° Depth < —60m INSTALLATION general ins':allatinn sequence for all hardware componfnts ! ' REEQUIP LIFTING EQUIPMENT 1 H : : : INSTALLATION COMPLETE? N
f |
: |
|
|

TYPE OF VESSELS:

» vessel day rate plus equipment
+ fuel use
« transit speed (loaded/unloaded)

« mobilization/demobilization times

> POSITION ON SITE

LIFT TRANSITION PIECE dynamic
LOWER TRANSITION PIECE dynamic

LIFT MONOPILE dynamic
UPEND MONOPILE dynamic |
LOWER MONOPILE TO SEABED dynamic

|

PREPARE CABLE 1H
LOWER CABLE TO SEAFLOOR 1H

PULL CABLE INTO TURBINE SH

TEST AND TERMINATE CABLE
END 5.5H

¥

BARGE & TUG (TURBINE/FOUNDATION

Example amount of days using a
fixed set of geospatial values

b INSTALLATION TURBINE EQUIP DRIVING EQUIPMENT 1 H LAY AND BURY CABLE TRANSPORTATION)
1' e . 3.8 DAYS SALILING SPEED LOADED... SALILING SPEED......13.5 knost(25 kn/h) :
. ' "o - N 3H PULL CABLE INTO TURBINE SAILING SPEED EMPTY CABLE LAY SPEED........ s 0.064 km/h o
o 2 - fit?:gwggwggc%gwynamic ¢ TEST AND TERMINATE CABLE END AVG.FUEL CONSUMPTION(sailing).2720 1/h CHANGE LIFTING 3.8 DAYS_Installatlon Turbine
. . . o o T TH e DRIVE HONOPILE TNTO SEABED dyrnans AVERAGE FUEL CONSUMPTION.... 12 knots| AVG.FUEL CONSUMPTION(inst.)....570 1/h
- i e | €A () EQUIPMENT 1H

BOLT TRANSITION PIECE 4H 2.7 DAYS_Installation Foundation

—NO-<— CAROUSEL EMPTY?

‘<
b
5

TRANSIT TO PORT dynamic

|

SNOILO3S ¥3mMol 2

REEQUIP LIFTING EQUIPMENT 1 H

: N ®: I ¢
i : > ¢ ALL TOWER SECTION
: a - - "0 INSTALLED? ::

2.2 DAYS_Installation Scour

TURBINE

FOUNDATION

INTER-ARRAY CABLE

>RELEASE NACELLE 3H
LIFT NACELLE dynamic
ATTACH NACELLE TO TOWERGH

CHANGE LIFTING
EQUIPMENT 1H

CHANGE LIFTING
EQUIPMENT 1H

| |

\ }

|

REEQUIP LIFTING EQUIPMENT 1 H

LIFT TRANSITION PIECE dynamic
LOWER TRANSITION PIECE dynamic

BOLT TRANSITION PIECE 4H

|
[
|
|
|
|
|
|
|
|
|
|
|
[
|
|
[
|
y| SECTION dynamic
[
|
|
|
|
|
[
|
|
[
|
l
[
|
l
[
|
|

INSTALLATION COMPLETE? N0 —J

l(
m
]

FINISHED

Example amount of days using a
fixed set of geospatial values

3.8 DAYS_Installation Turbine

2.7 DAYS_Installation Foundation

‘ JACK-UP CRANE VESSEL

(TURBINE / FOUNDATION INSTALLATION
& DECOMMISSIONING)

SAILING SPEED LOADED 7.5knots(14 km/h)
SAILING SPEED EMPTY 1lknots(20.4 km/h)
AVR.FUEL CONSUMPTION(sail.) 2820 1/h
AVR.FUEL CONSUMPTION(inst.) 1140 1/h
AVR.FUEL CONSUMPTION(STBY)..... 850 1/h

FALLPIPE VESSEL (SCOUR PROTECTION
INSTALLATION)

SAILING SPEED LOADED..10knots(18.5 km/h)
SAILING SPEED EMPTY... 13 knots(24 km/h)
AVR.FUEL CONSUMPTION(sailing) 2660 1/h
AVR.FUEL CONSUMPTION(inst.)... 1770 1/h

3.0PERATION AND MAINTENANCE

RELEASE BLADE 1 H

LIFT BLADE dynamic
ATTACH BLADE TO HUB 3.5H

NO 'l

— ALL BLADES INSTALLED?

{

INSTALLATION SCOUR
PROTECTION 2.2 DAYS

LOAD MATERIAL AT PORT 4 H

Protection

2.9 DAYS_Installation Inter-
array cable

Depth = 40m

Mean windspeed = 8.5 m/s

|
|
I .
1.blades 5.transition piece 8.inter-array cable R I ) 22 DAYS Tnstalltion Scour Distance to shore = 30 kn
2.hub 6.scour protection LIFT BLADE dynamic couR 12.9 ””S'iﬁiﬁiliiﬁi“ Inter- > POSITION ON SITE 2 H
; . INSTALLATION S o CREW TRANSFER VESSEL OR SERVICE . . . _
3.nacelle 7.monopile ATTACH BLADE TO HUB 3.5H INSTALLATION SCOUR : ggg;ngﬁlgﬁ‘*ﬁﬁgﬁffﬂfgﬁREINE/ Rl e (PREVENTITIVE & LIGHT ‘m Soil friction angle = 3359
I

4.steel tower

NO

“ ALL BLADES INSTALLED?

|

N

LOAD MATERIAL AT PORT 4 H
POSITION ON SITE 2 H
DROP MATERIAL AT SITE 10 H

»

Depth = 40m

Mean windspeed = 8.5 m/s

Distance to shore = 30 km

Soil friction angle = 33.5°

Soil coeff.= 32.000.000 kN/m3
(clay)

DECOMMISSIONING)

SAILING SPEED LOADED 7.5knots(14km/h)
SAILING SPEED EMPTY 1lknots(20.4km/h)
AVR.FUEL CONSUMPTION(sailing)28201/h
AVR.FUEL CONSUMPTION(inst.)..11401/h
AVR.FUEL CONSUMPTION(STBY)...... 8501/h

(PREVENTITIVE & LIGHT MAINTENANCE)

SAILING SPEED.... 12 knots (22.2 km/h)
AVR.FUEL CONSUMPTION(sailing) 800 1/h
AVR.FUEL CONSUMPTION(inst.)...4e0 1/h

FINISH

}

DROP MATERIAL AT SITE 10 H

Soil coeff.= 32.000.000 kN/m3
(clay)




BUSINESS AS USUAL

In this scenario, we describe the
“business—-as—-usual” case for marine spatial
planning.

Each country places its offshore
technologies as it sees fit, with no regard
for cross-border optimization or even
optimization within its own region. We
assumed that all currently operational wind
farms are repowered, under-construction/
approved wind farms are completed, and
planned farms are realized.

To meet the final 2050 target, the North C
Neutralizer placed the remaining required
capacity. This capacity could only be
placed in areas identified by countries as
development zones for the offshore wind
industry. The placement of these wind farms
was economically optimized within these
zones.

ENERGY COST

ENERGY
PRODUCTION 1,4 M BWh/y
OPEX 35,2 B £y
Total CAPEX 1,4 T €/y
System-LCOE 115,3 €/MWh
LCOE 75,4 €/Mwh

CLIMATE CHANGE IMPACT

GHG EMISSION 16,4 M t/y
GHG MITIGATION 38,7 M tly
NET MITIGATION cec,3 M t/y

(GHG = Green house gas)

ECO IMPACT 1692
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COOPERATION OPTIMIZING

FOR ECONOMY

To capture the economic benefits of
cooperation, we allowed the North C
Neutralizer to achieve the 300 GW target
through economic optimization.

The difference with previous scenarios 1is
that the only restriction is the energy’s
final destination: each country must meet
its energy target, but the placement

of their wind farms 1s unrestricted

by borders. For the year 2050, we

only consider the approved and under-
construction wind farms; we assume that
the planned ones are subject to review and
potential improvement.

Harbours for installation and OPEX of the

farms are treated as international entities
available for use by any stakeholder.

ENERGY COST

ENERGY

PRODUCTION 1,5 M GWh/y
OPEX 33,8 B £/y
Total CAPEX 1,4 T €ty
System-LCOE 187 ,6 €/Mwh
LCOE 72,3 €/MWh

CLIMATE CHANGE IMPACT

GHG EMISSION 17,3 M t/y
GHG MITIGATION 257,1 M t/y
NET MITIGATION 230,8 M t/y

(GHG = Green house gas)

ECO IMPACT 2003

Soimdh RS

. COST

- ENERGY PRODUCTION

e AR AR

LEGEND:
TECHNOLOGIES

O repowered farms

N construction
approved
farms

H monopile
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FISHERY

Competition for space in the North Sea is
becoming an increasingly pressing issue,
especially in light of the ambitious goals
for offshore renewable energy development.
Traditional activities face the risk of
losing access and operational freedom, with
the fisheries sector being particularly
vulnerable. Fisheries require extensive sea
areas to operate effectively, and new uses
could significantly impact the availability
and accessibility of fishing grounds.

For this scenario, we have incorporated

a number of measures into our model to
safeguard critical fishing areas from
encroachment by energy and aquaculture
projects:

. Protecting vital fishing areas: Energy
and aquaculture activities are limited to
zones with low fishing intensity, ensuring
the preservation of areas critical to North
Sea fishing fleets.

. Optimizing spatial use: We minimize
the footprint of economic activities by
integrating energy and aquaculture into
multi-use projects.

. Enhancing ecosystems: We promote
habitat restoration in areas designhated
for wind and aquaculture activities,
contributing to overall biodiversity and
supporting the recovery of commercial fish
stocks

ENERGY COST

FNERGY

PRODUCTION 1,5 M GWh/y
OPEX 34,3 B £/y
Total CAPEX 1,6 T €/y
System-LCOE 123,1 £/MWh
LCOE 83,3 €/MwWh

CLIMATE CHANGE IMPACT

GHG EMISSION ge,d M iy
GHG MITIGATION £49,8 M t/y
NET MITIGATION ceb,8 M t/y

(GHG = Green house gas)
FOOD PRODUCTION 1,1 B kg/v

ECO IMPACT 1932

N R

- ECO-IMPACT

WAKE EFFECT
RESTRICTION

ND YES
e
TECHNOLOGIES

= monoplle
jacket
spar

B multiuse:
Monopile+mussels

Bl multiuse:

Monopile+seaweed

[0 multiuse:
Jacket+=eaweed

HUBS

Eﬁj “Princess Elisabeth
Island”

potential grid
connection zone

energy fluxes

- PORTS
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A FULLY INTEGRATED
OFFSHORE GRID

In this scenario, we optimized the
placement of wind turbines in the North
Sea, considering that energy hubs would
serve as their sole connection points.
These hubs function as the electrical
landfall for energy produced by the wind
farms while also serving as the OPEX bases
for the connected wind farms.

The hubs were strategically placed with

a specific purpose: to leverage insights
into wind correlations, minimizing the
effects of “‘dunkelflaute’ while arranging
the individual wind farms to reduce wake
effects between them. This approach ensures
optimal energy generation and a stable
energy supply.

This setup provides Transmission System
Operators with greater control over
managing the international supply and
demand for energy.

ENERGY COST

ENERGY

PRODUCTION 1,4 M GWh/y
OPEX 281 B €1y
Total CAPEX 1,8 T £y
System—-LCOE 131,7 €/Muh
LCOE 70,5 €/MWh

CLIMATE CHANGE IMPACT

GHG EMISSION 21,7 M t/y
GHG MITIGATION pA4,8 M T/y
NET MITIGATION 227,5 M t/y

(GHG = Green house gas)

ECO IMPACT 1636

MAIN PARAMETERS o
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UNITED KINGDOM
Potential

capacity

onshore grid
connection

80GW

2030 2040

FRANCE
Potential
capacity
onshore grid
connection

176W

Roadmaps

Overtime

Potential
capacity
onshore grid
connection

306W

DENMARK
Potential
capacity
onshore grid
connection

GERMANY
Potential
capacity
onshore grid
connection

66GW
NETHERLANDS

Potential
capacity
onshore grid
connection

72GW

BELGIUM
Potential
capacity
onshore grid
connection

8GW

2050



ANNUAL DEMAND COMPARISON

2024 / 2050

annual demand of wind turbine 2x Hl

annual demand for cables. .. ... 2x HHl

demand convertors. ... 3x HEN

steel and iron demand .. ... ... sx HHEEEEER
(o0 o] 5 1= O, gx HHEEEEER
fibreglass . 7Xx HHEEEEE
rare earth metals ... sx HHNEEEER

CUMULATIVE DEMAND 2023 — 2050

: 2023
ﬂ
total steel needed @
(tonnes) :
= M7.002.600t

........................................................................................................................................................................................................................

total fibreglass §
(tonnes) :

. H330.000t

total scour protection @
(tonnes) ;

18280800t

[ total inter-array @
. cable length (km) :

. [ 3.080km

CAPACITY GROWTH

This 1s according to the Ostend
declaration ( April 2023)

e@ GW | :
!"‘/’
azo6w | _
!”’/‘
2023 2030 2040 2050
2030 2040 2050

B 25.464.000t [ 44.562.000t B 63.660.000t

B 1.200.000t B 2.100.000t B 3.000.000t

[ 30112000t [ 52696000t [0 75280000t
011.200km [019.600km [ 28.000km

Roadmaps

f.e. what about the hardware (monopile)?



North C Neutral

Optimisation and Decision Support Toolkit
Greater North Sea Basin

INTERNATIONAL OFFSHORE
GRID

In this optimization, all of

ROADMAP FOR OFFSHORE WIND i o i @D@{Eﬁ@m

MAIN PARAMETERS

\ ]
In this scenario, a roadmap is made to pro- i i Ha vest n
vide insights into the build out of the off- el o o r I
shore wind industry in our North Sea. Through 7 > 7 . C II - I II-

MAIN PARAMETERS

t0 Jand through then. This B

Entermationsl gria that
Sccounts for dinkerriautes oy | [ EvERoY pRapucrIon
Soreating the plscenent of the

o wina corraa- WAk erveoT
Hion: wake erfects. are mini- ReSTaorio
rized by ncreasing the space
betuasnwinararss . the domi- o conseLATION

roadmaps, the offshore - onshore connection ENERGY
of supply and demand becomes more clear, and PRODUCTION

COOPERATION: the bottlenecks and strengths can be high- AQUACULTURE

To showcase the
versatility of the model, we

lighted. The North C Neutral model allows for
adaptive optimizing in this regard.

1ot the North C
Neutralizer generate this 300 S
6M scenario, without consider- o
ing existing and planned wind
farms.
LEGEND:

To leverage the best available knowledge and assist
GNSBI stakeholders toward a unified Greater North Sea

2995200000
9999900990

TECHNOLOGIES

OUTPUTS

ENERGY COST B nonopile
Basin strategy, we have designed a dynamic, 1.5-year
P co-creative process.
7215 cpon In collaboration with GNSBI stakeholders and
gg GHG EMISSION aMmtly ECO IMPACT 763 FOOD PRODUCTION 18 kg/y

GHG MITIGATION

supported by leading independent experts, we
co-create, evaluate, and refine alternatives until we
reach a feasible and widely supported set of options for
policymakers.The co-creation methodology is designed
to include experts from various GNSBI member states,

NET MITIGATION
o ENERGY COST CLIMATE CHANGE IMPACT
ECO IMPACT GHG EMT
GHG MIT

NET MITIGATION 164,6

FOOD PRODUCTION 1,5 B kg/y

enabling GNSBI to evolve into a truly pan-European
project at all levels.

CLIMATE CHANGE IMPACT

GHG EMISSION

GHG MIT

NET MITIGATION 239,1 1 T/y

CLIMATE CHANGE MITIGATION

At the end of the process, we envision a traveling

68,2 €/Mih
Lcoe 72,0 €/Mih

exhibition to share the results with citizens across
theoretical MAIN PARAMETERS ECO IMPACT 1892 FOOD PRODUCTION 2B kg/y ici i i
nitigation potential
O e o, [emram=es N participating countries.

places carb erg

il and gas). ’ COOPERATION:
BN e Loy,
e ROAD MAPS/SUPPLY CHAIN
theoretic potential. D

1 2 3 . s s

To showcase the (TR . . . ; : % °
versatility of the model, we The build out of offshore wind in offshore and onshore economy. The 2 . 1 5}“’&3 v
R TECHNOLOGIES the North Sea is heavily dependent direct impact of onshore decision Efﬁ 1 % o Efé&% T, o MIV W \ w

on its supply chain. The data below making on offshore technology
shows that there will need to be a placements can therefore be
significant ramp up in material integrated. The roadmaps provide
production, port capacity and a clear pathway towards a
capacity installation per year. The sustainable build out, while
North C Neutral model provides taking away uncertainty of the
roadmaps to achieve Europe’s energy needed investments because a
targets while considering supply future perspective is offered to
chain constraints. all stakeholders.

(S &

Neurallzer

ENERGY COST HUBS

oL “Princess Elisabetn
Island”

Greater North Sea Basin o ;o mEa

PORTS
o

optimization model zr,

NET MITIGATION

3 Months 6 Months 6 Months 6 Months

PREPARATION

Lcoe 102,7 €/Mn PREPARATION CO-CREATE VISION AND SCENARIOS (DESIGN, TEST, REFINE)

DENMARK
This way, it is possible to create Z;;:gf;j‘ PREPARATION
an integrated model that links the onshore grid

connection

356W

EXPOGNSBI

ANNUAL DEMAND COMPARISON CAPACITY GROWTH ; / )
i i i i 2024 / 2050 eclaration ( April 2 . 5 A X
The North C Neutralizer is an innovative and e : ' O O
unique optimization model developed for G L o 300 o1 \ @{ED @ @@D I:m
. . . annual demand for cables
GNSBI. Operating at the sea basin level, it e pr—— E0
steel and iron demand 120 GW

integrates stakeholder interests, leverages copper

the best available data, and builds on existing . T —— fibreglass 33,00 A Ctivat e J Oint Fa Ct Fi n d i n g ©oRC

marine spatial plans. For each desired 2025 203 2000 2050
stakeholder scenario, it seeks an optimal

-
balance across various marine sectors. LIRS D HES — 2356 -
WIND ENHANCING ECOLOGY To “materialize” the outputs of the North
. S S o D o, e 2023 C Neutralizer and initiate the joint
Through visualizations and quantitative PO o L UNITED KINGDOM i ¢ GERMANY -

I he North CN li larifi e TN B o Comeny "o \ ' fact-finding process, we further develop
analyses, tis e BRI E 2 pelsd i : e grae 5/ onthore o these outputs through spatial design.
impacts at all levels — from the Greater North soen 5 presa
Sea Basin to national and even onshore scales, : total fibreglass ) X P : PP :

. . . et = Ctariies) \ . Potential In designing at various scales, we reveal
including harbors and energy cable landing TR ‘ oo i hidd t k soluti d
points. The detailed roadmaps it generates s g, | TECHMOLOOTES R A nigden aspects, seex solutions, an
: . > I 'S o " ronie identify synergies. Opportunities and
provide a robust foundation for supply chain 50060 scomania: ikt total scoun protection
. . . o eonateerirelerietirc B I Ctaries) \ e challenges for each stakeholder group
planning and financing strategies. g o’ BELGIUM

a 1isabeth
nd”

potential grid
connection zone

mscsseooee B 7sescooot Capacity are highlighted, ensuring a transparent

onshore grid

: \ h O O comnection process that is easily and continuously
cable Longth Cimy \ & FRANCE accessible to all stakeholders.

Potential

@11.200kn m19.600kn @ 28.600kn capacity
onshore grid
connection

PORT AREA : 176H Feedback loops between spatial design
camrent » - ) and the North C Neutralizer make the

D () e ED (D (o ; ) ) entire process increasingly adaptive,
| producing construction repowered- B monopile jacket B nmussels Wl seaweed . - -
resulting in more robust solutions.

ENERGY COST

energy fluxes

©  PORTS cable length (km)
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ENERGY COST

ENERGY

PRODUCTION 1,5 M GWh/y
OPEX 49,3 B €/y
T CAPEX 1-:5 [-£
System-LCOE 108,22 €/MWh
LCOE 72,0 £€/MWh

CLIMATE CHANGE IMPACT

GHG EMISSION 22,6 M T/y
GHG MITIGATION 262,5 M T/y
NET MITIGATION 239,1 M T/y

(GHG = Green house gas)

ENERGY COST

ENERGY

PRODUCTION 1.52 M GWh/y
OPEX 36.62 B €y
Total CAPEX 1.43 T €/y
System-LCOE 169.12 €/MWh
LCOE T4.41 € /MWh

CLIMATE CHANGE IMPACT

GHG EMISSION 17.64 B kg/y
GHG MITIGATION 260.39 B kg/y
NET MITIGATION 242.75 B kg/y

(GHG = Green house gas)



